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THE UNITED STATES NAVY 
GUARDIAN OF OUR COUNTRY 


The United States Navy 's responsible for maintaining contro! of the sea 
and 1s a ready force on watch at home and overseas, capable of strong 
action to preserve the peace or of instant offensive action to win in war 


It 1s upon the maintenance of this control that our country’s glorious 
future depends, the United States Navy exists to make it so. 


WE SERVE WITH HONOR 


Tradition, valor, and victory are the Navy's heritage from the past. To 
these may be added dedication, discipline, and vigilance as the watchwords 
of the present and the future. 


At home or on distant stations we serve with pride, confident in the respect 
of our country. our shipmates., and our families. 


Our responsibilities sober us, our adversities strengthen us. 


Service to God and Country 's our special privilege. We serve with honor, 


THE FUTURE OF THE NAVY 


The Navy will always employ new weapons, new techniques, and 
greater power to protect and detend the United States on the sea, under 
the sea, and in the air 


Now and in the future, control of the sea gives the United States her 
greatest advantage for the maintenance of peace and for victory in war 


Mobility, surprise, dispersal, and offensive power are the keynotes of 
the new Navy. The roots of the Navy lie in a strong belief in the 
future, in continued dedication to our tasks, and in reflection on our 
heritage trom the past. 


Never have our opportunities and our responsibilities been greater. 





PREFACE 


Blueprint Reading and Sketching is written as a basic 
reference book for the enlisted men of the Navy whose 
duties require a knowledge of blueprint reading and sketch- 
ing. The book contains information necessary for performing 
the duties of both aviation and other general service ratings 
requiring this knowledge. 

Beginning with a general discussion of the uses and kinds 
of blueprints, the text explains the language of a blueprint— 
lines, sections, symbols, dimensions, conventions, notes, and 
titles. Technical sketching is described and illustrated. 
Ways are suggested by means of which anyone can produce 
correct and attractive sketches. 

The sections on wiring and schematic diagrams are fairly 
extensive in accordance with the increased training demands 
in electrical and electronic equipment and in order to 
acquaint operating personnel more rapidly with the symbolic 
notation now being standardized throughout the armed 
services. 

Sections on welding, structural, and architectural symbols 
are included to help the ratings concerned with these subjects 
and to introduce them to standards now established in these 
fields. An index, a list of useful references, and a list of 
abbreviations are included as aids to the trainee using this 
book. 

While studying this book, a man should refer frequently 
to typical blueprints of Navy installations and equipment. 
Such prints are available in technical manuals published by 
both the Navy and the manufacturers of Navy equipment. 

This book is one of the basic Navy Train1na Courses and 
represents the joint endeavor of the Naval Air Technical 
Training Command and the Training Publications Section 
of the Bureau of Naval Personnel. 


READING LIST 


1. A Manual of Engineering Drawing for Students and Draftsmen, 
T. E. French, McGraw-Hill, New York, N. Y., 694 pages. This 
text should answer nearly all questions regarding blueprints, from 
layout to maps; but it contains only a page or two on electrical 
drawings. It may be obtained in almost any library or com- 
mercial bookstore. 

2. JAN Standards or MIL Standards. These are standards estab- 
lished to insure uniform practice by the Army, Navy, and Air Force; 
known as JAN, or Joint Army-Navy Standards, or MIL, Military 
Standards. 


Copies of these standards should be available on all ships and stations 
having any sizable construction or repair facilities. Commanding 
officers and officers-in-charge may request copies from their district 
publications and printing office. Only a few standards are listed here. 

Note. Not only do symbols and usages change from time to time, 
but new ones are introduced. Accordingly, it would be well to check 
publication dates when using these standards to insure that you have 
the latest. 


Short title Latest edition Long title and contents 

JAN-STD-1 13 May 1948 National Military Establishment 
Standards for General Drawing 
Practice. Topics: Projection, 
Line Conventions, Section and 
Sectioning Conventions, Scale, 
Lettering. 

MIL-STD-8A 5 June 1953 (Superseding MIL-STD-8 30 
December 1949) Military Stand- 
ard Dimensioning and Toleranc- 
ing. Dimensioning Topics: 
Types of, Specifying Size, Rules 
for, etc. Tolerancing Topics: 
Methods of, Practice of, Posi- 
tional Tolerancing, etc. 

MIL-STD-10 2 Aug 1949 Military Standard, Surface Rough- 
ness, Waviness, and Lay. 
Topics: Definitions, Surface 
Roughness Number, Waviness 
and Lay, Surface Symbols. 


Short tithe Latest edition 


Lang title and contents 


MIL-STD-12A 11 Mar 1952 (Superseding JAN-STD-12, 13 


March 1947.) Military Stand- 
ard Abbreviations for Use on 
Drawings. Abbreviations, 
Metals and Chemicals (Sym- 
bols), Cable and Magnet Wire 
(Abbreviations and Symbols), 
Engineering Societies, Trade 
Associations, Inspection Bu- 
reaus, Army and Navy Rank, 
and Government Organiza- 
tions. 


MIL-STD-15A 1 Apr 1954 (Superseding JAN-15, 19 October 


MIL-STD-16A 18 Apr 1952 


1948.) Military Standard Elec- 
trical and Electronic Symbols. 
Topics: Introduction and Gen- 
eral Requirements, Drafting 
Practices, General List of 
Symbols, Symbols for Marine 
Equipment, Symbols for Elec- 
trical Equipment in Buildings 
and Building Distribution 
Systems. 

(Superseding MIL-STD-16, 16 
February 1951) Military Stand- 
ard Electrical and Electronic 
Reference Designations. Topics: 
Definitions, Formation, Appli- 
cation, Special Procedures for 
Sockets and Connectors, Sock- 
ets. List of Designating Letters. 


MIL-STD-17 6 July 1950 Military Standard Mechanical 


MIL-STD-18A 12 Aug 1953 


Symbols. Topics: Mechanical 
Symbols for General Use, Me- 
chanical Symbols for Aeronau- 
tical Use. 

(Superseding MIL-STD-18 7 
June 1949) Military Standard 
Structural Symbols. Topics: 
Symbols for General Use, Rein- 
forced Concrete Construction, 
Structural Steel and Aluminum 
Construction, Timber Con- 
struction. 


Short title 
JAN-STD-19 


MIL-STD-20 


MIL-STD-24 


MIL-STD-103 


Lateat edition 
13 Nov 1947 


14 Dee 1949 


9 Mar 1951 


18 May 1953 


vil 


Long title and contents 

Joint Army-Navy Standard for 
Welding Symbols. Topics: 
Basic Symbols, Basic Types of 
Joints and Welds, General Pro- 
visions, Fillet Welds, Groove 
Welds, Bead Welds, Plug 
Welds, Slot Welds, Spot Welds, 
Seam Welds, Projection Welds, 
Flash and Upset Welds. 

Military Standard Welding Terms 
and Definitions. Topics: Illus- 
trations, Grouping of Terms. 

Military Standard Revision of 
Drawings. Topics: Definitions, 
Changes in Dimensions, Revi- 
sions, Symbols, Recording Revi- 
sions on Drawings. 

Military Standard Abbreviations 
(For Electrical and Electronic 
Use). Topics: Purpose, Form, 
Rules for Use, Alphabetical 
List of Terms. 
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CHAPTER 


MAKING AND HANDLING BLUEPRINTS 
USE OF BLUEPRINTS 


The ships, planes, and guns of the Navy were built from 
blueprints, and they are operated, checked, cleaned, and 
lubricated according to information found on blueprints. 
When mechanisms fail in service or are damaged in battle, 
blueprints are broken out to aid the repair crews. When 
new parts must be made in the shops, blueprints provide 
the necessary information. 


HOW ARE THEY MADE? 


Blueprints are exact copies of mechanical or other types 
of drawings. : 

A mechanical drawing is one made with instruments such 
as compasses, rules, and dividers. Blueprints, or prints, 
as they are often called, are made from these drawings in 
much the same way that photographs are made from nega- 
tives. 

The negative for the blueprint is known as a TRACING. 
It is made by placing a sheet of translucent tracing paper or 
cloth over the drawing. Everything on the drawing is 
traced on the tracing paper or cloth with black waterproof 
ink or a special black pencil. After the tracing is completed, 
it is checked, and the original drawing is filed for future 
use. Some drawings are made directly on the tracing ma- 
terial in pencil and then traced with ink or with the special 
black pencil. 

Next the tracing is placed in the blueprinting machine, 
with the face toward the source of light, and is covered with 


blueprint paper. The sensitized side must also be toward 
the source of light which penetrates the tracing at all parts 
not covered by lines and causes a chemical] action on the 
blueprint paper. There is no chemical action under the 
lines of the tracing because the black lines block off the light. 

After proper exposure, the print is removed and washed 
in a developing solution and then in clear water. The ex- 
posed portions of the blueprint paper turn a deep blue during 
the processing. The lines are white. 

Any number of prints can be made from one tracing if it 
is handled carefully. 


BLUEPRINT COLORS 


Blueprints aren’t always blue. All kinds of reproduced 
drawings are commonly referred to as blueprints or just 
prints. They may be white, brown, black, gray, or other 
colors. The differences lie in the kinds of papers used and 
in the development processes. 

BLACK-AND-WHITE PRINTS have black lines on a white 
background. 

AMMONIA PRINTS, or ozalids, have black, maroon, purple, 
or blue lines on a white background. 

Van Dyxes have white lines on a dark brown background. 

Puorostats: negatives, with white lines on a dark back- 
ground (used when only one print is needed); or positive, 
made from a negative photostat (when more copies are 
needed) and having dark lines on a light background. 

Of these several ways of duplicating an original drawing 
you will find that the Navy has many more ammonia prints 
than any of the others. A print made by this process will 
be called “an ozalid” which is the trademark of one of the 
commercial ammonia processes. 


TYPES OF BLUEPRINTS 


Look at figure 1-1. Notice that the assembling begins 
with a DETAIL BLUEPRINT of the aileron rib. Then there’s 
@ SUBASSEMBLY BLUEPRINT. That shows how the aileron 
rib joins the other parts of the aileron assembly. Next 
is @ UNIT ASSEMBLY BLUEPRINT. From it you can tell where 


the aileron joins the other parts of the wing assembly. 
The FINAL ASSEMBLY BLUEPRINT shows the entire wing 
assembly in relation to the completed plane. 

Many of our fighting ships are so large and have so many 
sections, divisions, compartments, passageways, and ladders 
that the members of the crew need maps to find their way 
around. These maps or blueprints are PLAN views and show 
position, location, and use of the various parts of the ship. 

You will use plan views to find your duty and battle 
stations, the sick bay, barber shop, and tailor shop. Other 
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SUBASSEMBLY OTHER SUBASSEMBLIES 


UNIT ASSEMBLY UNIT ASSEMBLIES 


all 


THE FINAL ASSEMBLY 





Figure 1-1.—Every part, every assembly has its descriptive print. 
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plan views will show the location of watertight doors and 
hatches, life rafts and boats, battle dressing stations, and 
firefighting equipment. Still others will show water mains, 
power lines, air lines, ventilating systems, drainage systems, 
and fire control systems. 

When you are required to make a certain part you will 
use & DETAIL PRINT. This print will give you all the informa- 
tion you need to make a new part or piece. A detail sheet 
will show one large part or several small parts. It shows 
size, shape, kind of material, and method of finishing. 

Remember that PLAN VIEWS serve as maps, that FINAL 
ASSEMBLY, UNIT ASSEMBLY, and SUBASSEMBLY PRINTS show 
how parts fit together, and that peTaiL prints show every- 
thing needed to make a certain part or piece. 


HANDLE WITH CARE 


Blueprints are not just scraps of paper. They are valu- 
able permanent records and can be used again and again if 
you take care of them. Here are a few simple rules for 
getting the best results from them: 

1. Keep them out of strong sunlight—they might fade. 

2. Don’t allow them to get wet or grease-smudged. 

3. Don’t make pencil or crayon notations on a print 
without proper authority. If you should get instructions 
to mark a blueprint, use a yellow pencil. Ordinary (black 
lead) pencil marks are hard to see on a colored background. 

4. Never measure distance on a blueprint. If you can’t 
find a dimension on one view, look at another view. If 
you still can’t find it, ask someone who knows. Why not 
measure? Because the original mechanical drawings might 
not have been drawn exactly to scale, or the print may 
have shrunk or stretched. 

5. Keep your blueprints stowed in their proper place so 
that they can be readily located the next time you want to 
refer to them. 


FOLDING BLUEPRINTS 


A standardized, accurate system of filing blueprints is 
Necessary in order that the prints may be found quickly. 
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Figure 1-2.—First fold, showing use of folding board. 


To expedite the locating of blueprints, the Navy (and the 
other Services) has a standard method of folding blueprints. 
This insures that the identifying marks always appear in 
the same place, preferably at the top when the prints are 
in vertical filing order. 

Most of the prints you will use will already be properly 
folded. Your only concern will be to see that they are 
refolded correctly. However, you may have occasion to 
use prints that have not been folded at all or that have been 
folded improperly. Such blueprints should be folded accord- 
ing to the following instructions: 

1. All blueprints should be folded neatly in such a manner 





Figure 1-3.—Successive folds, like the first, measure 11 inches. The last 
fold may be less than 11 inches. 
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that the duplicate drawing number appears on the outside 
in the upper right-hand corner of the print. The fold size 
should be approximately 8% inches by 11 inches (standard 
business letter size). The so-called ‘accordion-pleated 
with vertical folds as shown in figures 1-2 and 1-3, 
should be used. 

2. A folding board is required for folding blueprints 
to the standard 8% inches by 11 inches. This board, of 
sheet metal, plastic, or plywood, should be 8% inches by 
10% inches and should have its corners rounded. 

3. A creasing device, that is, a smooth block of wood, 
metal, or plastic, or a glass paperweight, should be used 
to press the folds into Licut creases. (See fig. 1-4.) 


form,’ 
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4. On the following sizes of blueprints straight folds 


Figure 1-4.—The width is folded in 81-inch folds. 


or no folds will be used as indicated: 


Size in inches 


8%x ll 


11 
17 
22 


11 


x17 
x 22 
x 34 


x 34 


Type of fold 
Blueprint already desired size. No fold 
required. 
Fold once to 8% x 11 inches. 


First fold to 17 x 11, then to 8% x 11 inches. 
First fold to 34 x 11, next to 11 x 17, then to 
11 x 8% inches. 

First fold to 11 x 17, then to 8% x 11 inches. 





Figure 1-5.—Duplicate drawing number and change are shown in upper 
right-hand corner. 


5. On all roll-size blueprints (that is, on all prints except 
those of the sizes listed above) the accordion fold is made 
by use of the folding board. In each case the first fold 
(fig. 1-2) is made from the end that carries the drawing 
number, and it is an 1l-inch fold. Each fold thereafter 
(fig. 1-3) is 11 inches, except the last, which in some cases 
may be less. After the Lenatu of the print has been folded 
down into the required number of 11-inch accordion folds, 
the wipTu is folded in 8-inch folds. (See fig. 1-4.) These 
may be rolled or straight folds. 

6. When the duplicate drawing number or numbering 
area fails to appear on the face of a print, all such prints 
should be folded face side or printed side in, so that the 
print number is on the underside of an outside fold and 
can be seen when you raise one corner of the blueprint. 
(See fig. 1-6.) fe 
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Figure 1-6.—Contractor's name provides further identification on a print. 
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7. Specifications for blueprints to be used by the Armed 


Forces require that the blueprints be so marked as to have 
the identifying information visible when the prints have been 
folded as prescribed in this section. However, some blue- 
prints may be folded according to other procedures, depend- 
ing on the usages of the manufacturer. In such cases the 
proper information should be marked or stamped on the 
print as necessary. (See fig. 1-6.) 


10. 
ll. 


12, 


13. 
14, 


QUIZ 


. Which blueprint would represent a later step in the construction 


of an object—a unit assembly or a subassembly? 


. Blueprints are used to save mechanical drawings. What kind 


of care must you exercise to save blueprints? 


. If a necessary line dimension were missing from your blueprint, 


why couldn’t you just measure the line on the blueprint? 


. Why is it necessary to have a standard method of folding blue- 


prints? 


. What kind are most Navy prints? 
. What do the lines on a tracing do when the exposure is being made? 
. When a tracing is used to make a print, it is being used as a 


. Where no light reaches the sensitized paper beneath the lines on 


the tracing, how much chemical action takes place due to the 
absence of light? 


. Where light reaches the sensitized blueprint paper, what do the 


subsequent development and washing do? 
How many blueprints can be made from one tracing? 


A negative photostat, with __________ lines on a 
background, is used when only one print is needed. 
A positive photostat, with __________ lines on a _________ back- 


ground, is used when ——______. 
From what is a positive photostat made? 


What is the trade name of the commercial ammonia process 
generally used in the Navy? 


CHAPTER 


BLUEPRINT VIEWS 


PHOTOGRAPH OR BLUEPRINT? 


A photograph of an object gives you a good idea of its 
shape and the relationship of its various parts. It may 
show its exact size. The camera brings all visible parts 
into one picture view on one plane. It records pictures of 
objects much as your eyes see them. But the camera 
picture is deceptive, just as your eyes are deceptive. 

Just recall the last time you looked down a straight 
stretch of railroad. Your eyes told you that the tracks 
came together at a distant point, but you knew the tracks 
were parallel, so you didn’t believe your eyes. Because 
the camera records this deceptive appearance, photographs 
cannot be used where accurate blueprints are necessary. 
The lines on a photograph do not register directly the true 
length and shape. 

Photographic blueprints are valuable visual aids when 
used to show general location, function, and appearance of 
parts and assemblies. They are often used to show the 
special characteristics of parts, as in figure 2-1. 

Operation steps are often shown by a series or sequence 
of photo prints. You may learn to take a mechanism 
apart and reassemble it by using photo prints as a guide. 


EXPLODED VIEWS 


Another valuable use of the photo is for exploded views 
that show locations of parts. Figure 2-2 shows two exploded 
views of the .45-caliber automatic pistol. Notice how the 
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Figure 2-1.—Exterior characteristics of .45-caliber automatic pistol. 


parts are spread out in line to show clearly each part’s 
relationship to the other parts. 


PERSPECTIVES 


Often it is desirable to have a picture of a new type 
of craft or machine before such an article has been manu- 
factured. The draftsman can use his mechanical drawing 
tools to create these pictures. Figures 2-3 is an example 
of such a drawing. 

These substitute pictures are called perspectives. On 
a perspective lines that are actually parallel on the object 
would run together if extended on the drawing. Perspec- 
tives are excellent substitutes for photographs and may be 
used in the same manner, but you will not use either of them 
for construction or repair blueprints. 

In figure 2-3 notice the length of the left and right wings. 
They are actually the same length, but if you measure them 
on the picture, you will find one shorter than the other. 
In order to draw the airplane as it appears to the eye, the 
artist FORESHORTENED the wings. 


THE ISOMETRIC 


The isometric is somewhat like both the photograph and 
the perspective. However, on isometric lines that are 
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Figure 2-3.—A perspective, like a photograph, does not give true lengths. 


actually parallel on the object would also be parallel on the 
drawing and would, therefore, Nor run together if extended 
on the drawing. All its lines representing horizontal and 
vertical lines on an object have true length. Vertical lines 
are shown in a vertical position, but lines representing hori- 
zontal lines are drawn at an angle of 30° with the horizontal. 
Vertical lines and lines representing horizontals on such 
drawings are known as 1soMerric lines. In figure 2-4 all 





ISOMETRIC LINES ISOMETRIC VIEW 
Figure 2-4.—Isometrics. 
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lines except A and B have true length because they are 
horizontal and vertical lines on the object. Lines A and B 
are not isometric lines, and their lengths are not true. 
Isometrics (fig. 2-5) have much the same use as other 
picture drawings. In addition, they may be dimensioned, 
and blueprints of these drawings may be used for making 
simple objects. But isometrics cannot be used alone for 





Figure 2-5.—An isometric view is the draftsman's trick for showing three 
views at once in dimension, but the object is distorted. 


complicated parts or structures. They may be used as 
an aid in clarifying the accurate orthographic drawings 
that are the foundation of all construction blueprints. 


ORTHOGRAPHICS 


Blueprints that furnish complete information for con- 
struction and repair present an object in its true propor- 
tions. Such prints are copies of mechanically drawn 
ORTHOGRAPHIC views. These views are accurate and indi- 
cate true shape and size. 

When you study orthographics, look at one view at 
atime. To get a good idea of a PT boat, for example, you 
must look at it from either port or starboard, then from dead 
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Figure 2-6.—Front view, from an orthographic drawing, showing true view of 
the object's dimensions. 


ahead or astern, then from topside. By observing from 
several points you can obtain a clear understanding of the 
whole boat. This is the basic principle of orthographics. 

‘You can see a surface of an object in its true shape and 
size only by looking directly at that surface, as is shown in 
figure 2-6. Your line of sight must be perpendicular to the 
surface at all points on the surface. Only then can you tell 
the true size and shape of each surface. When these views 
of the various surfaces are placed on paper, their proper 
relationship is maintained by the proper arrangement 
of the views. 


ORDERLY VIEW ARRANGEMENT 


Study the arrangement of the three views in figure 2-7. 
The front view (lower left in figure 2-7) is the starting 
place. It was selected for the front view because it shows 
the most characteristic feature of the object—the notch. 

The right side view is projected directly to the right 
of the front view. Some of the lines on the right side view 
lie along extensions of lines on the front view. 

Notice that the top view is placed directly above the 
front view and that some of its lines lie along extensions 
of lines on the front view. 

After you study each view, try to imagine or visualize 
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Figure 2-8.—Visvolizing a blueprint. 





Figure 2-9.—Compare the orthographic views with the model. 


the appearance of the object. If you have trouble, use the 
methods shown in figures 2-8 and 2-9. 

Fold the sheet between the front and right side views. 
That will give you a rough idea of the shape of the object 





Figure 2-10.—Pull off the views. 
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as it appears in three dimensions. Figure 2-10 shows how 
the views are “pulled” from the object. 

Think of the object as being immovable, and pretend 
that you are moving around it. This will help you to 
relate the blueprint views to the appearance of the object 
concerned. 


AUXILIARY PROJECTION 


Look directly at the front view of figure 2-11. Notice the 
inclined surface. Now look at the right side view and the 
top view. The inclined surface appears foreshortened—not 


TOP 
RIGHT 


ie 


Figure 2-11.—Avuzxiliary view arrangement. 


its true size. For a case like this the draftsman uses a 
special helping view known as an AUXILIARY. It is obtained 
by looking directly at the inclined surface. This ortho- 
graphic auxiliary provides a reliable view of an inclined 
surface. The principle of the auxiliary is shown in figure 
2-12. For a side by side comparison of an orthographic 
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Figure 2-12.—Avuxiliary projection principle. 


view and an auxiliary projection, see figure 2-13. You will 
see a foreshortened orthographic view in 2—13a of the slanting 
surface whose true size and shape are shown projected as an 
auxiliary projection in 2-13b. 


CURVED SURFACES 


Curved surfaces do not always look curved in an ortho- 
graphic drawing. This is because you are looking at the 
top, bottom, or side of the object at 90° to the surface, 
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Figure 2-13.—Comparison of orthographic and auxiliary projection. 


or squarely at it. You often see curved edges which indicate 
a curved surface behind them, but when you see the surface 
itself in another view, you see it as a broadside and it appears 
flat. 

Figure 2-14 is a two-view orthographic drawing of a solid 
cone. A third view, which would ordinarily appear above 
the bottom view (making it a three-view orthographic) 
is not necessary in this drawing as it would only duplicate 
the side view shown at B and give no additional information. 


A. B. 
Figure 2-14.—Solid cone. 


You know that the side of a cone is curved, but you cannot 
see that curvature in figure 2-14B. You see the bottom 
edge of this curved side in figure 2-14A so you know that 
it does exist. It is a good idea to keep in mind the fact 
that curves in orthographic drawings do nof show curved 
surfaces but may indicate a curved surface behind them 
and it is up to you to find that surface on one of the other 
views. 


DEVELOPMENTS 


Development is a method a layout man uses to make a 
flat pattern which can be transferred to sheet metal and 
formed into a curved or angular form. The Metalsmith 
does a great deal of this but men of most ratings will benefit 
by knowing even a little something about development 
from a blueprint reading point of view. 
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Figure 2-15.—Sheet metal cone. 


In figure 2-15A you see a perspective view of a sheet 
metal cone. As the cone has no bottom, we can look up 
into it and see the joint which has purposely been left 
open for this illustration. To find out how the development 
or pattern for this cone would look, see figure 2-15B. The 
length of the side of the cone (not the height from base 
to top) is represented on the development as L. The 
circumference of the base of the cone is represented by the 
curved dimension line and the letter C. The stretchout 
at B in the ffgure (stretchout is another name used inter- 
changeably with pattern or development), when rolled up, 
would give you the cone shown in A. Likewise, you could 
transfer the stretchout to sheet metal, run the metal through 
a slip roll forming machine, and you would have a sheet 
metal cone. 

Looking again at figure 2-14A and B, which of course 
for a particular cone would have certain dimensions, see 
how you could get the information necessary to make 
the development for a sheet metal cone. 

From 2-14B you would get the length of the side of the 
cone, or L, also shown in figure 2-15B. To make the de- 
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velopment you would use a compass set to L and draw part 
of a circle. 

From 2-14A you would get the diameter of the base. 
This would enable you to calculate the circumference of 
the base which is C in figure 2-15B. Then you would 
step off C on the circle and draw the line back to the other 
end of L to form the pie-shaped pattern. You see now 
not only the difference between a development and an 
orthographic drawing, but also how each is related to the 
other and how they complement each other in showing a 
blueprint picture of an object with curved surfaces. 


QUIZ 


1. Why can’t you use a photograph of an object as a blueprint when 
you make a replacement part for a machine? 


. What is clearly shown in an exploded view? 
. What lines of an isometric drawing are true in length? 
. When are mechanical perspectives used? 


. Why are orthographic drawings universally used as blueprints for 
construction? 


ur ON 


. What type of surface requires an auxiliary projection? 


. Sketch two orthographic views of A, three orthographic views of B, 
and an isometric of C. 


OBR: 


8. To draw a perspective of an object, you must________some of 
its features. 

9. On an isometric drawing lines that are parallel on the object 
(would—would not) be parallel on the drawing. (Select one.) 


NO 
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10. 
11. 


12. 
. In an isometric lines representing horizontal lines are drawn at an 


14. 


15. 


16. 


Isometric drawings (may—may not) be dimensioned. 

The foundation of all construction blueprints are (orthographic 
drawings—isometric drawings). 

In an isometric vertical lines are shown in a________position. 


angle of _____with the horizontal. 
When looking at a surface to see its true size and shape for an 
orthographic view, your line of sight must be ________to the 


surface at all points on the surface. 

How many views could you expect to find in an orthographic 
drawing? 

Orthographic views indicate true_________and. 
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CHAPTER 


LINES AND SECTIONS 
DRAFTSMAN'S LANGUAGE 


The draftsman’s drawings are composed of lines of 
different construction, each line with a special meaning. 
Lines are indeed the “common words” of the draftsman— 
he draws his language. Because he must place a large 
amount of information in a small space, he uses as few 
words as possible. 

The lines on drawings and blueprints are standardized. 
You need to learn the appearance and use of these lines 
to be able to understand blueprints. 


LINE USE 


A basketball court is laid out with lines—there are 
boundary lines, center circle lines, and free-throw lines. 
The basketball court is really a full-size, top-view ortho- 
graphic made with lines. The lines may be of different 
lengths, widths, colors, and shapes for different uses. This 
same principle is used on mechanical drawings. On a blue- 
print the draftsman uses OUTLINE LINES. They correspond 





OUTLINE 


to the boundary lines of the basketball court. These heavy 
solid lines represent the edges and surfaces that are visible 
from the angle at which the view is drawn. You wouldn’t 
be able to identify an object without the outline lines. 

If you could look right through an object you would see 
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other lines in the object and on the back surface. To 
represent these invisible lines the draftsman uses a medium- 
weight broken line. It is a series of short dashes, all of the 
same length. 


HIDDEN LINE 

These dashed lines are called HippEN LiNEs. They 
represent edges of surfaces behind the view which is repre- 
sented by the regular outline lines. Both of these kinds of 
lines are shown in figure 3-1. Notice that these two types 
of lines form the backbone of the drawing. 

ALTERNATE POSITION LINES show possible alternate 
positions of moving parts. The lever in figure 3-1 is shown 
in a right-hand position. But the alternate position lines 
tell you that it moves to the left, swinging through an arc 
of 60°. The dashes of this line are the same weight as 
hidden lines, but they are twice as long. 


ALTERNATE POSITION LINE 


To locate the center of a circle or arc, CENTERLINES are 
used. They’re also used to divide drawings into equal or 
symmetrical parts. You'll find these lines helpful in dimen- 
sioning and lining up views. Notice that the centerline is 
a lightweight line with alternate long and short dashes. 
Centerlines are always used to locate the center of a round 
hole. 





CENTERLINE 

Size is indicated on drawings by dimensions. Navy blue- 
prints are usually dimensioned in inches. Size dimensions 
are placed in a break in the pimENSION LINE. Some dimen- 
sions are placed between arrowhead tipped lines. In either 
case, the dimension distance is from the point of one arrow- 
head to the point of the other arrowhead. 
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<—________—__ 3| —______> 
DIMENSION LINE 

To keep the dimensions clear of the view, they are placed 
outside the view. Sometimes it may be necessary to put 
dimensions inside the outline, but it’s better practice to keep 
them outside. ExTension tings, light in weight, extend 
from lines of the outline. They are started about one- 
sixteenth of an inch away from the view outline. 


ee ee 


LEADERS 


Notice how the different kinds of lines are labeled in 
figure 3-1. Each name is tied to the proper line by a 
LEADER. Leaders composed of straight ruled lines should be 
used to indicate exactly where dimensions and dimensional 
or explanatory notes are to be applied. The note end of the 
leader should always run either to the beginning or end of the 
note or dimension, never to the middle. In general, the 
leader should be applied on the drawing view which shows 
the profile of the surface to which the requirement applies. 
Drawings will present a better appearance if all adjacent 
leaders are drawn parallel. However, leaders should not be 
parallel to adjacent dimension or extension lines. [Leaders 
drawn to symmetrical features should be in line with the 
center of the feature and’ the arrowhead of the leader should 
terminate exactly on the line which represents the profile of 
the feature. 

Sometimes the draftsman is cramped for space. If he 
drew the whole object, he would either run off the paper or 
have undersize views. So he uses LONG BREAK LINES to tell 


AA —__4—— 


LONG BREAK LINE 
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yyou that he has shortened that part. The long break line is 
simply a space saver for the draftsman; it does not change 
the actual length indicated by the dimension. 


—————————_ 


SHORT BREAK LINE 


SHORT BREAK LINES tell you that the draftsman has re- 
moved part of an outer surface to reveal the inside structure. 
‘You will find that short break lines usually come in pairs. 


ee ee ees 


BEND LINES 


To indicate where thin metal is to be bent, the draftsman 
uses BEND LINES. Some draftsmen place dots on the line 
instead of the note “Bend here.” 


LINE CHARACTERISTICS AND CONVENTIONS 


Learn to distinguish lines by their weight, or width, which 
may be HEAVY, MEDIUM, or LIGHT. Figure 3-2 shows the 
weights of the lines you have learned in this chapter. Train 
your eyes to recognize these kinds of lines by sight. 


INSIDE SECTIONS 


When you first see a new type of boat, ship, or plane, you 
like to look inside to see how it’s made. A SECTIONAL VIEW 
allows you to “look inside’ an object shown on a blueprint. 
One of the views is shown just as if you had sawed the piece 
in half along the cutting plane. 

Notice the curring PLANE Line AA in figure 3-3A. It 
shows where the imaginery cut has been made. The iso- 
metric in figure 3-3B helps you to visualize the cutting plane. 
The arrows point in the direction in which you are to look 
at the sectional view. 

Figure 3-3C is a front view showing how you would see 
the object if it were actually cut in half. 
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Figure 3-2.—Line characteristics and conventions. 


The orthographic view of section A-A, figure 3-3D, is 
placed on the drawing instead of the confusing front view in 
figure 3-3A. Notice how much easier it is to understand. 

When sectional views are made, the part that is cut by 
the cutting plane is marked with diagonal, parallel section 
tings. The draftsman’s word for the process of making 
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Figure 3-3.—Action of the cutting plane. 


these lines is cRossHATCHING. When two or more parts 
are shown on one view, each part is sectioned or crosshatched 
with a different slant of line. Section views are necessary 
for a clear understanding of complicated parts. On simple 
drawings a section may serve the purpose of an additional 
view. 

Section A-A in figure 3-3D is in FuLL secTIoN because 
the object is cut completely through. You won’t always 
see a full section. But there are other sections to help you 
to look inside. They are discussed in the next few pages. 


OFFSET SECTION 


In an OFFSET SECTION you have a joggle or offset in the 
cutting plane. The offset cutting plane in figure 3-4 is 
arranged so that the hole on the right side will be shown 


OFFSET CUTTING 
PLANE LINE 





OFFSET CUTTING 





SECTIONAL VIEW 





Figure 3-4.—Offset section. 


in section. The sectional view is the front view, and the 
top view shows the offset cutting plane line. 


HALF SECTION 


Figure 3-5 shows a HALF sEcTION. A half section is used 
when the object is symmetrical in both outside and inside 


30 





Figure 3-5.—Half section. 


details. One half of the object is sectioned; the outer half 
is shown as a standard view. 

The object is round, and if you cut it into two equal parts 
and then divide those parts equally, you’d have four quar- 
ters. Now remove a quarter. 

That’s what the cutting plane has done in the perspective. 
It has taken a quarter of the cylinder away so that you can 
look inside. If the cutting plane had extended along the 
diameter of the cylinder, you would have been looking at a 
full section. But the cutting plane in this drawing extends 
the distance of the radius, or only half the distance of a full 
section. Hence it is called a half section, rather than a 
quarter section. 

The draftsman has inserted an arrow to show your line 
of sight. What you see from that point is drawn as a half 
section in the orthographic view. The width of the ortho- 
graphic view represents the diameter of the circle. One 
radius is shown as a half section, the other as an external 
view. 
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REVOLVED SECTION 


To eliminate drawing extra views of rolled shapes, ribs, 
and similar forms, the draftsman uses a REVOLVED SECTION. 
It is really a drawing within a drawing, and it clearly de- 
scribes the object’s shape at a certain cross-section station 
or point. 





Figure 3-6.—Revolved section. 


The draftsman has revolved the sectional view of the rib 
in figure 3-6 so that you can look at it head-on. Because 
of this revolving feature this kind of section is called a 
revolved section. 


BROKEN-OUT SECTION 


The inner structure of a small area may be shown by 
peeling back or removing the outside surface. The inside 
of the counterbored hole is better shown in figure 3-7 be- 
cause of the BROKEN-OUT SECTION, which makes it possible 
for you to “look inside.” 






Y 
hr 7G 


Figure 3-7.—Broken-out section through a counterbored hole. 
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ALINED SECTION 


Look at the front view of the handwheel in figure 3-8. 
Notice the cutting plane line, AA. 


a 





A al SECTION A-A 
Figure 3-8.—Alined section. 


When a true sectional view might be misleading, parts 
such as ribs or spokes are drawn as if they were rotated into 
or out of the cutting plane. Notice that the spokes in the 
section at A-A are not sectioned. In some cases, though 
not in this figure, if the spokes were sectioned the first im- 
pression would be that the wheel had a solid web rather than 
spokes. 


CONVENTIONAL BREAKS AND SHAPE SYMBOLS 


A long bar or pipe that has a uniform cross section is not 
always shown in its entire length. By breaking out one or 
more pieces and moving the ends together, a larger and more 
readable scale can be used. The true length, of course, is 
still indicated by the dimensions stated on the blueprint. 
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Figure 3-9.—Conventional breaks in special solid shapes. 


The draftsman uses an assortment of lines to indicate 
breaks in showing different shapes and materials. Figure 
3-9 shows some of the conventional breaks employed in 
drawings to indicate special shapes and symbols. 


MATERIAL SYMBOLS 


The Military Standards of the Department of Defense in- 
clude certain material symbols for section views. You can 
see a part of this official code in figure 3-10. It will be well 
worth your while to learn these material symbols or simplified 
conventions. They are known as SIMPLIFIED SECTIONING 
CONVENTIONS and their use is preferred wherever practical. 

On nonstandard prints you may also find other special 
symbols—and even colors—but such special usages will 
always be explained in the blueprint. 


HOW THREADS ARE DRAWN 


There are various ways of representing threads. Ovr- 
SIDE THREADS are shown in figure 3-11. 
On the left in figure 3-11 you see a thread profile in section. 
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composition 


Metals and explosives 
Figure 3-10.—Simplified conventions. 





On the right is a common method of showing threads. To 
save time the draftsman uses symbols that are not drawn 
to seale. The length of the threaded part is dimensioned, 
but other necessary information appears in the Norr, which 
in this case is K-20 NC-2. 

The first number of the note, %, indicates the nominal 
size which is the outside diameter. The number after the 
first dash, 20, shows that there are 20 threads per inch. 
The letters NC indicate the thread series, National Coarse. 
The last number, 2, indicates the class of thread and toler- 
ance, commonly called the “fit”. If it is a left-hand thread, 
a dash and the letters LH will follow the class of thread. 
Threads without the LH are right-hand threads. 


(\. 





Figure 3-11.—Outside threads. 
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Specifications necessary for the manufacture of screws in- 
clude thread diameter, number of threads per inch, thread 
series, and class of thread. According to thread pitch, 
the two most widely used screw-thread series are the Unified 
or National Form Threads, National Coarse, or NC, and Na- 
tional Fine, or NF threads. The NF threads have more 
threads per inch of screw length than the NC. 

Classes of threads are distinguished from each other by 
the amount of tolerance or tolerance and allowance specified. 
This was formerly known as “class of fit,’ a term which will 
probably remain in use for many years. The new term, 
“class of thread,’’ was established by the National Bureau 
of Standards in the 1950 Supplement to Screw-Thread 
Standards for Federal Services, Handbook H-28 (1944). 

Threads are classified as follows: 

Cuass 1. Permits quick and easy assembly of threaded 
parts where an allowance is required. 

Cuass 2. Applies to the major portion of threaded work 
in interchangeable manufacture where no allowance is re- 
quired. 

Cuass 3. Applies to the highest grade of interchangeable 
screw-thread work and is the same in every particular as class 
2 fit except that the tolerances are smaller. 

Cuass 4. Intended for threaded work requiring a fine 
snug fit, and where a screw driver or wrench may be necessary 
for assembly. Used only where special conditions require 
screws having a precision fit. 

Cass 5. Intended for interchangeable threaded studs 
and holes which are to be assembled permanently by a turn- 
ing force. 


THREAD FACTORS 


Following are definitions of some of the terms commonly 
used in connection with threads: 

Pircu is the distance between corresponding points on two 
adjacent threads measured parallel to the axis. 

Leap is the distance a screw thread advances along the 
axis in one turn. Ona single-thread screw the lead and pitch 
are identical. On a double-thread screw the lead is twice the 
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pitch. On a triple-thread screw the lead is three times the 
pitch. 

Mayor DIAMETER is the largest diameter of the thread of 
the screw or nut. It will be an O. D. for a screw and an I. D. 
for a nut. 

MInor DIAMETER is the smallest diameter of the thread 
of the screw or nut. It will be an O. D. for a screw and an 
I. D. for a nut. 

Crest is the surface of the thread corresponding to the 
major diameter of the screw and the minor diameter of the 
nut. 

Pitch DIAMETER is the diameter of an imaginary cylinder 
the surface of which would pass through the threads at such 
Points as to make equal the width of the threads and the 
width of the spaces cut by the surface of the cylinder. 

Roor of a thread (the bottom of the valley) is the surface 
of the thread corresponding to the minor diameter of the 
screw and the major diameter of the nut. Or, the root is the 
bottom surface joining adjacent sides or flanks of a thread. 

Depts of a thread is the distance between the crest and 
the base of the thread measured normal to the axis. 

INTERNAL THREADS (fig. 3-12) may be shown by several 
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Figure 3-12.—internal threads. 
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kinds of symbols. Here again it isn’t necessary to draw the 
threads when an easily drawn symbol will do just as well. 

Notice that the threads in figure 3-11 may be screwed 
into the threaded holes in figure 3-12. How do we know? 
Because the note on each one tells us that the threads are 

Threads may be shown IN sEcTION, especially in as- 
sembly views. Look at figure 3-13. It shows clearly the 
relationship of the threaded members. 
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Figure 3-14.—Bolts and studs. 


Bolts and studs are indicated on drawings by outlines and 
symbols, as shown in figure 3-14. 


GEARS 


Gear teeth generally are not shown on blueprints, except 
when a few are drawn to indicate the proper dimensions. 
Figure 3-15 shows how gears may be represented on a me- 
chanical drawing; see the three teeth at the top of the figure. 


GEAR NOMENCLATURE 


Special terms are used to indicate gear measurements. 
Some of these terms have been added to figure 3-15 for the 
purpose of the discussion here, but they would not be so 





Courtesy of American Foundrymen’s Society 
Figure 3-15.—Gear nomenclature. 
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designated on a blueprint. Instead they would appear as 
notes giving the appropriate dimensions, for example: 


Diametral Pitch 5 
Addendum 0.1131 
Dedendum 0.0992 


Some of the more common terms used with gears are as 
follows (see fig. 3-15): 

Face wiptu is the distance across the pitch surface of a 
gear. 

PircH DIAMETER: imaginary diameter on which gears would 
roll as cylinders. 

DIAMETRAL PITcH: number of teeth per inch of pitch 
diameter. 

Pircn circue: the circle having the pitch diameter. 

CircuLar pitcH: distance on the pitch circle between 
corresponding points of two adjacent teeth. 

WHOLE DEPTH OF TOOTH: distance from the outside 
diameter to the bottom of the tooth. 

WorKING DEPTH: greatest depth to which a tooth of one 
gear extends into the tooth space of another gear. 

AppENDum: radial distance from the pitch circle to the 
top or crest of the teeth. 

Depenpvum: radial distance from the pitch circle to the 
bottom or root of the teeth. 

CLEARANCE: radial distance from the top of one tooth to 
the bottom of a tooth mating space. 
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QUIZ 


Number your paper from A to E and write down the names of the 
five lines in the accompanying illustration. 





> 


wen an 


. What material symbols are often used to indicate metals and 


explosives, masonry, and insulating materials? 
What kind of section is shown as a drawing within a drawing? 


. The line running from a note to the indicated position is called 


what? 


. What, with relation to an object, does a revolved section describe? 


What do you call a view that lets you “look inside” an object? 


. With what is a sectional view marked on a drawing? 
. In a sectional view, the part that has been sectioned, or section- 


lined, has been “opened up” by a ________ plane. 


. An offset section is produced by an _______ in _ the 
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10. 


11. 


12, 


13. 


14, 


15. 
16. 


In a half section does the cutting plane expose half or all of the 
inside of the object? 


When an offset cutting plane “quarters” a diesel engine piston, for 
instance, the section would be a _______ section. 


A broken out section is usually srraller than a half section. Is 
this correct? 


What do the four numbers (4-20 NC-2) indicate in the note that 
appears with a thread on a drawing? Give the answer in proper 
order, reading from left to right. 


How are left-hand threads indicated on a blueprint? 
How are right-hand threads indicated on a blueprint? 


What three diarreters are there on a blueprint for a spur gear or 
pinion gear that must be noted carefully when reading the print? 
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CHAPTER 


DIMENSIONS 
DEGREE OF ACCURACY 


If you fail to follow the dimensions on a blueprint, you may 
make a part that will not give the service for which it is 
designed, and it may break down, endangering the lives of 
men and defeating the mission they were sent to accomplish. 
An error of 5/1000 inch can be as destructive as one quarter 
inch. In fact, a small error may be even more dangerous 
because it is not so easily detected. The part may pass 
inspection—it may even perform satisfactorily for a while. 
But when it breaks down, it may start a destructive chain 
reaction, damaging other equipment and perhaps even 
injuring personnel. 

Absolute accuracy is impossible. Even the 6-inch rule 
with which you measure is not absolutely accurate. Tem- 
perature alone can cause variations in it; cold may cause it to 
be slightly shorter than 6 inches, and heat may make it 
slightly longer than 6 inches. 

Because engineers realize that absolute accuracy is hu- 
manly impossible, they figure how much variation is per- 
missible. This leeway is stated on the drawing as + a certain 
amount, as +}, +, or +0.005. 


LIMITS AND TOLERANCE 


The dimension on a blueprint represents the perfect size 
and is known as the Basic DIMENSION. In figure 4-1 it is 
3 inches. The limit of error allowed is one-eighth inch. 
The minimum length is 2% inches, the maximum length is 
3% inches, and the tolerance is % inch and represents the 
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total permissible variation in its size. Or, tolerance is the 
difference between the limits of size. 

Don’t expect to have that much leeway on most work. 
Woodworking usually requires a limit of +%: inch, sheet 
metal work + %, inch, and machine parts + 0.005 inch or less. 
Many fine mechanisms have limits of error of + 0.0001 inch, 
and it is possible in some instances to make parts which 
are accurate to a few millionths of an inch. You can trust 
your eyes to measure one sixty-fourth of an inch with a 
rule, but for closer work use a micrometer or special gage. 


sea 
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a2 DIMENSION 
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Figure 4-1.—Basic dimension, limits, and tolerance. 


As has been stated, the permissible amount of variation, 
or the difference between the allowable minimum and maxi- 
mum dimensions (minus limit and plus limit) is known as 
the ToLerance. In figure 4—1 it is one-quarter inch. Here 
is another example to show you how the system works: 
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Limits are the extreme permissible dimensions of a part 
and, stated in either common fractions or decimal fractions, 
are found in the title block or legend. Angle limits are 
stated in terms of degrees, as +}°. 
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When you're working with limits, try to hit the basic 
dimension, right on the nose. That will help you to stay 
inside the allowable limits. 


ALLOWANCE 


The terms “tolerance” and “allowance” are often used 
interchangeably, but, according to common usage, ALLOW- 
ANCE iS @f INTENTIONAL DIFFERENCE in dimensions pre- 
scribed in order to obtain various classes of fits between 
different parts. It is a minimum clearance (positive allow- 
ance) or maximum interference (negative allowance) which 
is intended between mating parts. CLEARANCE is the total 
space between an individual pair of mating parts. INnTER- 
FERENCE is the total amount of deformation which must be 
effected in order to force an internal member into a smaller 
external member. See figure 4-2 for illustrations of clear- 
ance and interference. 

In ordinary machine construction five classes of fits are 
commonly used. They are: Class 1, running fit; Class 2, 


ees gee 
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CLEARANCE =.005 


(a) 





INTERFERENCE #.005 


(b) 
Figure 4-2.—illustration of clearance and interference. 
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push fit; Class 3, driving fit; Class 4, forced fit; and Class 
5, shrinkage fit. 

As the name implies, the running fit, Class 1, is used 
when the parts must rotate. A push fit, Class 2, is not 
sufficiently free to rotate. The other classes, 3, 4, and 5, 
are used when the parts being assembled must be held in 
fixed positions. 

The class of fit should be based primarily on the function 
of the part. Allowances that are permitted for the several 
classes of fits will be given in tables contained in standard 
handbooks. The dimensions given in these tables may 
sometimes have to be decreased or increased. As an ex- 
ample, for running fits the allowances are increased with the 
diameter, but may have to be varied according to the length 
of the bearing surface. 

Remember that allowance is the difference in size of 
mating parts, and that it is necessary for their proper opera- | 
tion. Also keep in mind that the larger the class number, 
the tighter the fit. 

The allowance for a running fit is known as CLEARANCE | 
and is said to be positive because the hole diameter is 
greater than the shaft diameter. For classes 2 through 5 
this allowance is NEGATIVE and is known as INTERFERENCE. 
The: minimum allowable interference is specified by the 
dimensions given on the blueprint. 


BASIC HOLE ALLOWANCE SYSTEM 


The BASIC HOLE ALLOWANCE SYSTEM is a standard method 
of determining the permissible variations in the size of holes 
and mating shafts to provide interchangeability of parts. In 
industry this is a common and standard practice in produc- 
tion manufacturing. A repair ship may get an order for one 
or two sets of turned parts that must have a certain fit. If 
the order is one that seldom comes through, probably each 
set will be made up individually with the required fit. 
However, these may be parts that are ordered repeatedly 
over @ period of time by many ships. In this case the repair 
ship would want to set up for the job—on a turret lathe for 
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instance—and make a short production run, depending on 
available stowage and probable future demands. The 
finished parts would then be stowed away and ready for 
subsequent requests. This is where it pays off to have 
interchangeable parts, so you will want to know something 
about the basic hole allowance system. 

In that system the hole can be larger than the basic 
dimension, but it cannot be smaller. The hole limits are 
plus only. This is known as a PLUS TOLERANCE and is shown 
with the hole dimension in figure 4-3. The plus tolerance 
always appears above the minus tolerance. You would 
refer to the size of this hole, verbally, as “two and a half, 
plus three, minus nothing” and to a technician that would 
mean the size information given in figure 4-3 for the hole. 

The shaft can be smaller than the basic dimension, but it 
cannot be larger. The shaft limits are minus only. This is 
known as & MINUS TOLERANCE and is shown with the shaft 
dimension in figure 4-3. Again, the minus tolerance always 
appears below the plus tolerance. 
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2500 
+.003 
-.000 
Figure 4—3.—Basic hole allowance system. 
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If you recall the definition of “‘clearance’’ and look again at 
figure 42a, you will see that the tolerances given in figure 
4-3 represent clearance. This means that the hole is larger 
than the shaft. How much larger? Well, referring again to 
figure 4-3, you notice that the size limits for the hole are 
actually from 2.500 to 2.503. The size limits for the shaft 
are actually from 4.495 to 4.492. This means that the hole 
can be as large as 2.503 but no larger and that the shaft can 
be as small as 2.492 but no smaller. These size limits—plus 
and minus tolerances—provide a fit between these mating 
parts with a clearance of no less than 0.005 inch and no more 
than 0.011 inch. The 0.005 inch represents the difference 
between the smallest hole and the largest shaft. The 0.011 
inch represents the difference between the largest hole and 
the smallest shaft. These parts will be interchangeable parts 
when made in accordance with this basic hole allowance 
system, 


CONTINUOUS DIMENSIONS 


For small parts that have few location dimensions, con- 
TINUOUS, OF ACCUMULATIVE, DIMENSIONS are useful. 

Look at a in figure 4-4. Suppose the limits are +» inch, 
which means, of course, that there is a tolerance of one- 
sixteenth inch. If you cut the stock so that it is one thirty- 
second inch under size, it will pass inspection. In laying out 
the holes, you may make a plus error of one thrity-second 
inch on each hole. You'll have a total error for all five holes 
of five thirty-seconds. You’ve joined each dimension to the 
preceding one in a continuous line, with the result that all 
errors have accumulated. There is a possible error as great 
as three-sixteenths inch, all of which will be thrown into the 
l-inch dimension making it only thirteen-sixteenths inch. 
This might make the finished piece unusable due to using 
continuous dimensioning. 


BASELINE DIMENSIONS 


‘You can avoid accumulative errors by using BASELINE, or 
NONACCUMULATIVE, DIMENSIONS. This method is shown in 
6 of figure 4-4. 
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Figure 4-4.—Dimensions at work. 


If you use the left end as reference edge, you won’t be 
more than one-sixteenth inch out at most for the distance 
from any hole to the right end as the hole could be one 
thirty-second inch too close to the reference edge and the 
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stock one thirty-second inch too long and still pass inspec- 
tion. Or the hole could be one thirty-second inch too far 
from the reference edge and the stock one thirty-second inch 
too short. This would locate each hole one-sixteenth inch 
closer to the right end and still pass inspection. 

In 4—4c is a simplified form of baseline dimensioning. You 
use the reference line exactly as described for 6. The air- 


craft industry prefers this form because it takes less space | 


on a blueprint. 


FLOATING DIMENSION 


To avoid any error in the last dimension, you can use a 
floating dimension, which will enable you to control the 
location of the error. 

In d of figure 4-4 the middle dimension has been omitted. 
The draftsman expects errors to fall within that space. 
Measuring the dimensions on either side of the space from 
left reference edge and a right reference line will put the 
errors just where you want them. 


CENTERLINE DIMENSION 


How are you going to get two parts to fit together exactly, 
hole for hole? Obviously the chief problem is to control the 
spacing of each set of holes and the distance between the 
sets. In figure 4—4e you can see how the use of the centerline 
dimension will help you. 

There are three holes in the first set. Notice that the 
draftsman has given 1% inch as the distance from the refer- 
ence edge to the centerline of the middle hole. Locate that 
hole first. ‘Then locate each‘hole on either side by measuring 
three-quarters inch from the centerline of the middle hole. 
That takes care of one set. 

From the centerline of the middle hole in the first set, 
measure off 2% inches. That’s where the first hole in the 
second set goes. Then, using the centerline of the hole 
you’ve just located, measure off one-half inch to the last 
hole. 

The same procedure is used on the other, or mating, part, 
and the holes then should come together. 
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COST OF LIMITS 


The engineer or draftsman not only sets the accuracy 


necessary for the successful operation of the part, but he 
also keeps its cost in mind. Limits can cost a lot; hence, 
you should make a part exactly to its specifications, but no 
more. 


10. 


. 
. Other terms for minimum and maximum dimensions are __. 
. Machine parts can be and are made as close as what part of an 


QUIZ 


a. Why is continuous dimensioning not suitable for parts having 
many location dimensions? 

b. How does baseline dimensioning avoid the disadvantage of 
continuous dimensioning? 

c. What is the advantage of measuring inward from the two ends 
so the one dimension is left ‘‘open’’? 

d. What do you call the “open” dimension? 


. You are to use the basic hole system to make a hole 6.500 inches 


into which a shaft is to fit with minimum clearance of 0.0087 
inch. Tolerance is 0.0046 inch. 

a. What is the maximum diameter for each part? 

b. What is the maximum allowable clearance between the two 
parts? 


. How many points should you measure from to secure an accurate 


layout? 


. The permissible amount of variation is called the 
. The permissible amount of variation is the mathematical difference 


between the 





inch? 


. Using a steel rule, you can, with good vision, measure how close? 
. When an arbor press is necessary to press a shaft into a mating 


hole, the difference in their sizes is called what? 


What word, in blueprint reading, means the opposite of inter- 
ference? 
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CHAPTER 


TITLE BLOCKS, NUMBERS, AND 
BILLS OF MATERIAL 


THE TITLE BLOCK 


The headlines on the blueprint are in the title block or 
box, which is located in the lower right-hand corner of all 
drawings prepared according to Military Standards or Joint 
Army-Navy Standards. It may appear elsewhere on other 
blueprints, but the lower right-hand corner is the usual place. 

The title block contains the drawing number. It also 
contains all the information required to identify the part 
or the assembly that the blueprint represents. In approved 
military blueprints the title block will include the name and 
address of the government agency preparing the drawing, 
the title of the drawing, the scale, drafting record, authenti- 
cation, and date. 

If a space has a diageénal or slant line drawn across it, 
disregard that space, because the diagonal line indicates 
that the information usually placed in that space is not 
required on your drawing. 


Revision Block 


Each drawing shows a revision block located on the right- 
hand side of the print. Modern practice is to put this space 
for the recording of changes in the upper right-hand corner, 
but it may also be placed above the title if desired. All 
changes to the drawing are noted in this block and are dated 
and identified by a number or a letter. If, for some reason, 
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a revision block is not used, a revised drawing may be shown 
by the addition of a letter to the original number; for ex- 
ample, 103465-26-A. 


NUMBERS 
Drawing Number 


All drawings are identified by a drawing number, which 
appears in a number block in the lower right-hand corner 
of the title block. It may be shown in other places also; 
for example, near the top border line, in the upper right-hand 
corner, or on the reverse side at both ends so that it will 
show when a drawing is rolled. Its purpose is to permit 
quick identification of a blueprint by number. If a blue- 
print has more than one sheet, and each sheet has the same 
number, this information is included in the number block 
indicating the sheet number and the number of sheets in the 
series. 


Reference Numbers and Dash Numbers 


Reference numbers that appear in the title block refer you 
to the numbers of other blueprints. When more than one 
detail is shown on a drawing, dash numbers are frequently 
used. Suppose two parts were shown in one detail drawing. 
Both would have the same drawing number, plus an indi- 
vidual number, as 34105—1 and 44105-2. 

In addition to appearing in the title block, the dash 
numbers may appear on the face of the drawings near the 
parts they identify. Some commercial prints show the 
drawing and dash numbers and point with a leader to the 
part; others use a circle, three-eighths inch in diameter, 
around the dash number, and carry a leader to the part. 

Dash numbers are also frequently used to identify right- 
hand and left-hand parts. 

Many aircraft parts on the left-hand side of an airplane 
are exactly like the corresponding parts on the right-hand 
side—in reverse. The left-hand part is always shown in the 
drawing. The right-hand part is called for in the title block. 

Above the title block you'll see a notation such as “159674 
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LH shown; 159674-1 RH opposite.” Both parts carry the 
same number. But the part called for is distinguished by a 
dash number. [LH means left hand, and RH means right 
hand. Some companies use odd numbers for left-hand parts 
and even numbers for right-hand parts. 


Zone Numbers 


Zone numbers on blueprints are similar to the numbers 
and letters printed on the borders of a map to help you 
locate a particular point. To find a point, you mentally 
draw horizontal and vertical lines from these letters and 
numerals, and the point where these lines intersect is the 
area sought. 

You'll use practically the same system to help you locate 
parts, sections, and views on large blueprints (usually as- 
sembly drawings). Parts numbered in the title block can be 
located on the drawing by looking up the numbers in squares 
along the lower border. Zone numbers read from right to 
left. 


Station Numbers 


On large assemblies—airplanes, for example—a numbering 
system is used to help locate stations on the assembly, such 
as fuselage frames. When you see ‘Fuselage Frames—Sta. 
187,” you know that the frame is 187 inches aft the nose. 
The measurement is usually taken from the nose or zero 
station of the airplane, but sometimes it is taken from the 
firewall. 

The same station system is used for wing and stabilizer 
frames. The measurement is taken from the centerline, or 
zero station, of the airplane. Station numbers for a typical 
aircraft are shown in figure 5-1. 


SCALE 


The scale of the drawing is indicated in one space of the 
title block. It indicates the size of the drawing as compared 
with the actual size of the part. The scale is usually stated 
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as 1’’=2’’, 1’’=12” etc. It may be indicated as full size, 
one-half size, one-fourth size, etc. 

If the draftsman uses a scale of 1/’=2’’, the object is 
shown half as large as its actual size. For a scale of 3’’=1”" 
the object or part is drawn three times its actual size. 

Very small parts are enlarged and large objects are 
reduced in size to show the views clearly. The scale is 
selected to fit the object being drawn and the space avail- 
able on the sheet. 

Remember: NEVER MEASURE A DRAWING. Use THE 
DIMENSIONS. Why? Because the draftsman may have 
made an error which you would measure and repeat. Or, if 
the print has been reduced in size from the original drawing, 
reduction errors may have been introduced which you would 
include by a physical measurement. Or, you might not 
take the scale of the drawing into consideration. Then, too, 
paper stretches and shrinks as the humidity changes thus 
introducing perhaps the greatest source of error in actually 
taking a measurement by laying a rule on the drawing 
itself. Play it safe and Reap the dimensions on the drawing; 
they always remain the same. 

Graphical scales are often placed on maps and draw- 
ings. These scales indicate the number of feet or miles 
represented by an inch. Oftentimes a fraction is used, as 
1/500, meaning that one unit on the map is equal to 500 
like units on the ground. A LARGE-SCALE MAP has a scale 
of 1 in.=10 ft.; a map with a scale of 1 in.=1,000 ft., or 
1/5000, is termed @ SMALL-SCALE MAP. 

An architect’s scale is divided into fractional parts of an 
inch, as eighths, sixteenths, thirty-seconds, etc. 

An engineer's scale is used for drawing plans and maps. 
The scale is usually of triangular cross-section and thus 
provides six different scales on one rule. Some engineers’ 
scales are flat, with both edges beveled, and provide four 
scales. Surveyors’ plans are plotted to a scale of feet to 
inches. The engineer’s scale is divided into parts to an 
inch, as, for example, 10 parts to an inch. If the scale is 
1 in.=20 ft., the scale in which the inch is divided into 
20 parts is used. 
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Figure 5-1.—Stations and frames. (Part 2.) 


MATERIAL SPECIFICATIONS 


Always use the material specified. Never make a sub- 
stitution unless you have the proper authorization. The 
material indicated was selected by an engineer because 
it met the requirements of the job. It’s the best material 
for that particular job. Only an engineer or a man having 
the authority of an engineer for a particular piece of work 
can authorize substitutions of material when the kind 
specified is not available. 

Later in this chapter we will say something about the 
list or bill of materials which further specifies what ma- 
terials to use. 


HEAT TREATMENT 


Practically all metals require some form of heat treatment 
in # manufacturing process. The title block on a blueprint, 
drawing, or specification lists the type of heat treatment 
required. Frequently it is necessary to remove the temper 
from a piece of metal, in order that it may be machined to 
specifications, after which it must be rehardened. Reference 
should be made to the heat treatment specifications in the 
title block, to determine the type required and the point 
during processing at which heat treatment is to occur, 


FINISH MARKS 


Finish marks are used to indicate surfaces that must be 
finished by machining. Machining provides a better sur- 
face appearance and provides the fit with closely mated 
parts. In manufacturing, during the finishing process, the 
required limits and tolerances must be observed. MacuINED 
FINISHES should not be confused with finishes of paint, 
enamel, grease, chromium plating, and similar coatings. 

On drawings not prepared according to current govern- 
mental specifications, the draftsman may indicate the edges 
to be finished by placing a small letter f on the line repre- 
senting the finished edge, or he may use the capital letter V. 
When so used, either one is called the FINISH MARK. 

Drawings prepared according to government specifica- 
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Figure 5-2.—Methods of placing the surface roughness symbol, indicating 
finish of certain surfaces. 


tions require the use of a surface roughness symbol, as shown 
in figure 5-2. The number inside the surface roughness 
symbol is the surface roughness number. Waviness and lay 
numbers may also be used. Full requirements for the use of 
these symbols may be found in Military Standard Surface 
Roughness, Waviness, and Lay (MIL-STD-10, 2 August 
1949). 
BILL OF MATERIAL 


A special box on the drawing may contain a list of the 
pieces of stock necessary to make a part or an assembly of 
several parts. It’s called a bill of material and tells the kind 
of stock, the size, and the specifications. 

The bill of material for an assembly drawing often has a 
list of standard parts. Many commonly used items, such 
as machine bolts, screws, turnbuckles, rivets, pipe fittings, 
and valves, have been standardized by the Army, Navy, 
and Air Force. Each item has a number with AN in front 
of it. A wing nut, for example, has an Army-Navy speci- 
fication of AN 350; a flathead sheet-metal screw is listed 
as AN 531. 


INFORMATION ON SPECIFICATIONS 


An Index of Navy Department Specifications is published 
quarterly by the Bureau of Supplies and Accounts. It con- 
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tains bureau interim specifications and joint Army-Navy, 
Navy, and Federal specifications that are used by the Navy. 

Navy Department specifications are approved by all of 
the interested bureaus and administered by the Navy De- 
partment Specifications Board. Such specifications are 
identified by standard Navy Department specification 
numbers, which are made up of the standard stock class 
number, the first letter of the material, and a serial number. 
For example, Navy Department Specification Number 
46-R7, covering oxyacetylene (gas) aluminum Al-2 welding 
rod, may be broken down as follows: 


N:46-R-7, Class A 
Navy Department t 
Specification Number. 
Standard Stock 
Class Number. 

















First letter of the 
material (Rod) 


Serial number. 


A particular class of the group covered by 
specification number (Aluminum, A1l-2) 
(99.5% pure). 


In addition to the information that may be had from 
the specifications, you can find out whatever else you need 
to know about any general stores item by checking the 
Catalog of Navy Material, General Stores Section. 

Some specifications may be followed by ‘‘(INT).” These 
are Bureau Intertm (INT) SpeciFicaTions, and they 
cover immediate purchase requirements of one of the 
bureaus. Their use is optional with bureaus other than 
the sponsoring bureau. Many of these specifications are 
later adopted by the Navy Department and become speci- 
fications required for all bureaus. 

Joint ARMY AND Navy (Jan or Mit) SpeEcIFICATIONS 





are those that have been developed and adopted for use 
by the Department of Defense. They are identified by 
“JAN” or “MIL” preceding the first letter of the material 
and a serial number. 

GENERAL SPECIFICATIONS FOR INSPECTION OF MATERIAL 
set forth the requirements to which Navy contractors must 
conform. 

FEDERAL SPECIFICATIONS cover the characteristics of 
material and supplies used jointly by the Navy with other 
government departments. All Federal Specifications used 
by the Navy Department are listed in the Index of Navy 
Department Specifications. 

Original issues of Army-Navy AERONAUTICAL SPECIFI- 
cations (ANA) are indicated by numbers, simplified for 
aeronautical use; for example, AN-P-33. Amendments 
to specifications are printed on green paper, and each 
succeeding amendment contains all valid requirements of 
the preceding amendment. Amendments are shown in the 
Index by adding “1,” ‘-2,” ete., to the original number. 
For example: AN-—P-32-2—Second amendment to spec- 
ification. Revised specifications supersede previous issues 
of the specifications, together with all amendments. Re- 
visions are shown in the Inder by adding “a,” “‘b,” etc., 
to the original number; for example, AN-P-33  b 
Second revision to specification. 

Two types of Army-Navy Drawincs (AN, AND) are 
issued: Standard Drawings, numbered from AN 1 through 
AN 9999, are used to describe standard parts or assemblies; 
Design Standard Drawings, numbered beginning at AND 
10000, are used to describe design information only. For 
example: AN 6220—ANA Standard Drawing; AND 10202— 
ANA Design Standard Drawing. 

Revised drawings are identified by numbers in a circle, 
followed by a date on the right side of the drawings, thus: 
“® 4-26-46.” All specific changes are identitied on the 
drawings by the same circled numbers; thus: “@.’’ Re- 
visions are shown in the Inder by adding “#1,” “#2,” etc., 
to the original number. For example: AN 6220 #2. Sec- 
ond revision to a drawing. 
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A typical AN Standard Drawing of a machine screw is 
shown in figure 5-3. 

The Navy Department Acceptable List is a publication 
which lists items (made by various manufacturers) that 
meet the specifications and standards established by the 
Navy Department. 

Commercial trade names or brand names are also used 
to specify items of material, but they should not be used 
alone. When you specify material to be ordered or sup- 
plied, use all the designations, you can. Give the Navy 
Department specification number, the size, shape, content, 
and use of each item. 

It’s particularly important that you indicate the usr 
for which the item is intended. Sometimes certain items 
are out of stock and cannot be supplied immediately. If 
you state the intended use, the source of supply may be 
able to furnish a satisfactory substitute to meet the 
specifications. 


USAGE BLOCK 


A usage block may be used to identify by their drawing 
numbers the larger units of which the detail part or sub- 
assembly shown on the drawing forms a component. This 
block is usually near the title block, or it may form a part 
of the list of material block. Figure 5-4 shows this block 
in two parts. The solid lines form the basic block and 
the dash lines indicate quantity columns which may be 
added when required. 
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QUIZ 


. Why is a number stamped, cast, or stenciled on each part of a 


machine or engine? 


. & What would these symbols in a blueprint’s title block tell you? 


Ring—Fuselage—Sta. 20934 
b. Explain how zone numbers could help you if you were trying 
to find a view of this fuselage ring on a large assembly blueprint. 


. Where on the blueprint can you always find overall dimensions 


of the part you are to make? 


. How and where is a change from original design usually designated 


on blueprints? 


. The scale of a drawing always indicates what? 
. If a drawing is scaled to 1’’=1'—0’’, what is the relative size 


of the drawing compared to the work? 


. Why make drawings to a scale? 
. What errors are you possibly including when you measure a 


dimension on a blueprint? 


. What is the name of the symbol which tells the craftsman what 


he is expected to do regarding the ‘‘texture’’ or quality of the 
various surfaces of a machine part he ts making? 


How do you find out, from a detail print, where the piece you are 
making will eventually be used? 
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CHAPTER 


TECHNICAL SKETCHING 


From chapters 2 through 5 of this Navy Training Course 
you have learned some basic information about blueprints. 
This information applies to sketches as well as to the me- 
chanical drawings from which blueprints are made. There 
is no Military Standard for technical sketching. What in- 
formation is either included on a sketch or omitted is left 
up to the man who makes the sketch. He will include as 
much information as he feels necessary to serve the purpose 
for which he made the sketch. However, whatever informa- 
tion, such as dimensions or notes, that does appear should 
conform to the Military Standard for General Drawing 
Practice. Since every man in the Navy at some time or 
other has tu read technical sketches in the absence of drawings 
his task will be simplified if the sketches follow these Military 
Standards. 

As has been stated, mechanical drawings are made with 
mechanical aids such as a pencil compass, triangles, T-square, 
and rule. A sketch is usually thought of as being made free 
hand, although in practice it may be made on squared paper 
or with the help of a rule and pencil compass. 

Usually a sketch is made from an object, but it can also 
be an “idea” sketch of something you are thinking about, or 
a combination of both. It can be made with perspective, 
so that it actually looks like the object, or it can be an ortho- 
graphic sketch of the object with three different views, 
usually front, side, and top. It can be either an assembly 
sketch or a detail sketch. An assembly sketch, as the name 
implies, will show two or more parts fastened together which 
may then be a complete unit. A detail sketch will show, in 
detail, one single part of an assembly. 
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Figure 6-1.—Perspective assembly sketch of an oil filter. 


Following are four examples: 

1. A perspective assembly sketch of an oil filter, like the 
one on your car, is shown in figure 6-1. It has been made 
free hand without the use of instruments and looks just like 
an oil filter. If a man talked about the oil filter “he had in 





Figure 6-2.—Perspective detail sketch of oil filter bracket. 
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mind,” and handed you this sketch, you would know immedi- 
ately what he was thinking about. 

2. A perspective detail sketch of the bracket which sup- 
ports the oil filter. You will immediately notice the curved 
part of the bracket that fits the round body of the filter. 
A perspective detail sketch looks exactly like the part it 
represents. See figure 6-2. 

3. An orthographic assembly sketch of the oil filter. In 
each of the three views the oil filter appears completely 
assembled with the cover in place and the bracket secured to 
the body. See figure 6-3. 

4, An orthographic detail sketch of the oil filter bracket is 
shown in figure 6-4. It is a detail sketch because it shows 
only one part of the oil filter, or the oil filter assembly, as it 





Figure 6-3.—Orthographic assembly sketch of an oil filter. 
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Figure 6~4.—Orthographic detail sketch of oil filter bracket. 


might. be called. The other two parts, the cover and the 
body, would appear in two more detail sketches. All three 
sketches might be made on the same sheet of paper. Notice 
that this sketch includes dimensions and other information 
and that it conforms to the Military Standards for General 
Drawing Practice. Complete information is included on this 
sketch to enable a Metalsmith to make such a bracket which, 
when finished, would exactly fit the body of the oil filter. 
That is one purpose of a technical sketch—to enable you to 
make a part that will fit one or more other parts which 
together make what is called the assembly, or complete unit. 

You have noticed that, in figures 6-1, 6-2, and 6-3, no 
dimensions are given. There is no reason why they couldn’t 
be. If they were, they would be added, in figures 6-1 and 
6-2, with dimension lines along the lines of the perspective. 
In figure 6-3, as in figure 6-4, the dimension lines would be 
either vertical or horizontal lines. 

A complete set of technical sketches for the oil filter would 
consist of an assembly sketch showing the entire filter, as- 
sembled and ready to attach to the engine, and three detail 
sketches. The detail sketches would show the body of the 
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filter in one, the bracket in another, and the cover in still 
another, each with enough information to enable you to make 
the items which, when assembled, would be the complete oil 
filter. So as not to complicate this explanation, certain 
parts, such as the cover hold-down screw and internal spring 
and standpipe of the oil filter, have been omitted. They 
would ordinarily appear on detail sketches or, if purchased 
as standard items, be shown and so indicated. 


TECHNICAL SKETCHING TOOLS 


Some of the value in technical sketching ability, in addition 
to the fact that it is an excellent way to present your ideas to 
someone else, lies in the fact that so few tools are necessary. 
If you have a stub of a soft pencil and a scrap of paper handy, 
you are ready to go. However, a pencil long enough to per- 
mit a relaxed but stable grip will improve your sketching. 
For most sketchings you hold the pencil exactly as you do 
when writing. If you are sketching a circle it may be easier 
to do so with the pencil below your hand and held against 
your four fingers with your thumb. 

When making erasures, the eraser at the end of some 
pencils is, of course, handy and satisfactory for limited use. 
The soft end of a pencil-and-ink eraser is better, but an art- 
gum eraser will last longer and do a cleaner job of removing 
pencil lines from paper. 

If you should use a pencil compass, the inexpensive kind 
costing about a quarter at stationery stores is all you need. 
A rule of any one of several kinds or sizes can be used as a 
straight edge. As your ability to sketch improves, you may 
find that the compass and straight edge can be used less and 
less until they are no longer needed to produce neat and 
effective sketches quickly. This is the ideal situation which 
some men reach before others. 

Just as preparing sketches with instruments takes un- 
necessary time, the use of cross-section paper saves time 
when this paper is available. It is especially useful when 
sketching to scale and is usually ruled into one-inch squares. 
These squares are then subdivided into one-eighth or one- 
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Figure 6-5.—Cross-section paper saves time. 


tenth inch squares. Notice that the person who made the 
sketch in figure 6-5 has indicated that each square repre- 
sents one-fourth inch. 

A specially ruled isometric paper, shown in figure 6-6, 
is used to make isometric and oblique sketches which are 
similar to perspectives but whose pairs of lines are parallel. 
This same ruling is helpful in making the other shapes 
shown in figure 6-6 and is often a great aid in developing 
ability to sketch well. 
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LINE CHARACTERISTICS AND CONVENTIONS 


Figure 3-2 is reproduced from the Military Standards for 
General Drawing Practice (JAN-STD-1, 13 May 1948) 
which is the latest available at this time. Joint Army- 
Navy Standards, written JAN-STD, are being superseded 
by Military Standards, written MIL-STD, which is the 
term you will find used as standards are changed and 
brought up to date. The new date will of course appear 
with the new MIL-STD which supersedes an older JAN- 
STD. In referring to figure 3-2, notice that lines are classi- 
fied into four weights: thin, medium, thick, and extra thick. 
You will want to follow this general idea in your sketches 
as well as employ the proper way to make the different 
lines listed at the left in the figure. Remember that a 
centerline is always a thin line, an outline or visible line 
is always a thick line, and so forth. Also, the lines which 
you will sketch will not be as perfect as those in the figure 
or as they would be if you had made them in a mechanical 
drawing. Use the figure only as a guide and try to approach 
it for quality. 

LINES 


Following are suggestions for sketching lines, but they 
are only suggestions made to help you get a good start. 
You may find one or more of them awkward for you to use. 
If this is the case, try some other way until you find the 
one which best suits your own abilities. If you can success- 
fully draw the lines shown without moving the paper, that 
may be a time saver. However, you may also find that 
you can do your best work by sketching from bottom to 
top, or left to right, or lower left to upper right. In that 
case you might actually save time and do better sketching 
by rotating the paper to suit yourself, and there is no 
objection to so doing if it is helpful to you. 

Holding the pencil from three quarters to an inch from 
the point so that you can see what you are doing, strive 
for a free and easy arm movement rather than a cramped 
finger and wrist movement. As shown in several of the follow- 
ing figures, one way to sketch lines is to locate each end 
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Figure 6-7.—Drawing horizontal lines. 


with a small dot and then draw the line between the dots. 

Horizontal lines are shown in figure 6-7. One has been 
drawn and the start of the second line suggests the method. 
You may want to locate one or more dots between the end 
dots when the line is to be a long one. Try drawing several 
horizontal lines and, after each one is drawn, examine it 
for both straightness and weight. If it is too light, either 
a softer pencil or a little more pressure is necessary. 


ey 


wy 


Figure 6-8.—Drawing vertical lines. 
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Vertical lines are usually sketched downward on the paper 
as shown in figure 6-8. The same suggestions for using 
locating dots and free movement of the entire arm apply to 
vertical lines as they do to horizontal lines. 

Slanting lines, several of which are shown in figure 6-9, 
may be drawn from either end toward the other. The 
arrows indicating the direction in which the lines in this 
figure were drawn therefore show only one way to draw them. 





Figure 6-9.—Drawing slanting lines. 


Using only horizontal lines, vertical lines, and slanting 
lines, it is possible to make any number of complete and 
acceptable technical sketches, depending, of course, on the 
item or job to be sketched. Figure 6-10 is a perspective 
assembly sketch of a demonstration exercise for five kinds 
of welded joints showing the several pieces set up before 
being welded. Like the perspective assembly sketch of the 
oil filter shown in figure 6-1, this sketch looks like the actual 
item as it would appear on the welding bench. Only 
horizontal, vertical, and slanting lines were used to make it. 

Technical sketches frequently include many circles or arcs. 
You don’t need to be gifted with artistic talent to draw good 
circles if you will follow these suggestions. 
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Figure 6-10.—Horizontal, vertical and slonting lines combined. 


At A in figure 6-11 see how the pencil is held beneath the 
four fingers with the thumb. This hold tends to produce a 
“soft’”’ or “easy”? motion for sketching large circles or curves 
and also makes it possible to sketch small circles as shown 
in figure 6-11 B and C. You will notice in figure 6-11 B 
that the second finger rests at the center of the circle and 
forms the pivot about which the pencil lead can swing. The 
distance from the finger tip to the pencil lead determines the 
radius of the circle. To draw smaller circles 2 somewhat 
different hold on the pencil is necessary, as shown in C, but 
the principle is the same. Figure 6-11 shows the proper 
ways to hold the pencil; figure 6-12 shows how to draw the 
circles using these holds. 





RADIUS RADIUS 
A B c 


Figure 6-11.—Circles and ares. 
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Figure 6—-12.—Steps in sketching a circle. 
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As shown at A in figure 6-12, the first step in sketching 
either large or small circles with the holds shown in the 
previous figure is placing the second finger on the paper at 
the center of the proposed circle. Then, with the pencil 
lightly touching the paper, use the other hand to rotate the 
paper to give you a circle that may look like the one in 
figure 6-12B. To correct the slight error of closure shown 
in C, erase a substantial section of the circle and correct it by 
eye as shown at the right. You now have a complete and 
round circle, but only with a very light line which must be 
made heavier. Do this as shown in B. Notice that you do 
Nor pivot on the second finger during this step. You rest 
your hand on its side, keep it within the circle, and trace over 
the light line with your hand pivoting naturally at the wrist. 
As you work around the circle in this way, rotate the paper 
counterclockwise so that your hand can work in the most 
natural and easy position as shown. With the smaller 
circles you cannot of course work with your hand within the 
circle, but the same general approach can be used with 
success, 


PERSPECTIVE SKETCHING 


Only a few people are naturally gifted with the knack of 
being able to make a sketch in which the perspective is 
exactly as it should be to have the object look natural. 
But everybody, with the aid of some basic rules, can help 
himself acquire real ability to put on paper that which he 
may have in mind or be looking at. A perspective sketch, 
in which the object looks just as it actually does look, can 
best be made by adhering to the following few simple and 
basic rules or principles: 

1. Select a position that will show the object to the best 
advantage. You will know what you want included in your 
sketch, so move either the object or yourself until you can 
actually see everything you want to show. If the object is 
something you have “in mind,” or if you have an ortho- 
graphic drawing—a blueprint—of it, you will have to visual- 
ize the object and assume a viewing position. Remember 
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that you want to make a perspective sketch with a realistic 
appearance, in other words, one that looks just like the 
object itself. 

2. Sketch only what you actually see from the viewing 
position you have selected. You cannot include anything 
you do not see and still have a correct perspective sketch. 

3. As horizontal lines recede, they must converge so that 
they tend to meet at the vanishing point. 

4. Start by lightly sketching in the principal lines, extend- 
ing each one towards the vanishing point. In figure 6-13, 
which is a perspective sketch, there is only one vanishing 
point. It is sometimes called a one-point perspective. All 
faces of the object which are in planes parallel to the front 
plane are shown in approximately their true shape. Notice 
how all receding lines tend to meet (and would if they were 
extended) at a single vanishing point. 





Figure 6-13.—A one-point perspective sketch. 


In figure 6-14 which is called an angular perspective sketch, 
there are two vanishing points and no front plane as there 
was in the preceding figure. You are viewing the object 
from an angle. This is a two-point perspective in which 
all horizontal lines receding to the right extend toward a 
vanishing point at the right. All horizontal lines receding 
to the left extend toward a vanishing point at the left. 
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Figure 6-14.—A two-point perspective sketch. 


Vanishing points are always at eye-level and on the horizontal 
line regardless of whether the perspective sketch is a one or 
a two-point perspective. If you are looking down at the 
object, the vanishing point or points, and the horizon, will 
be above the object. If you are looking up at the object, 
the vanishing point or points, and the horizon, will be below 
the object. 

5. Block in the enclosing perspective squares for circles, 
slots, and other features. Then add the outlines for minor 
details. 

6. Darken the object lines and erase the light construction 
lines previously extended beyond the figure toward the 
vanishing point. 


79 


12. 


13. 


QUIZ 


. How much information should be included in a technical sketch? 


To what standards should technical sketches be made? 


A sketch showing a complete unit or assembly just as it looks is 
called a 


. A sketch showing one of the eapipneik parts of an assembly, 


just as the part looks is called a 


. A sketch showing three views of an assembled unit or object, with 


no perspective, is called 


A sketch showing three views of one part of an * aasefAbby, with no 
perspective, is called 


. A complete set of technical sketches would include one 


sketch and one ________ sketch of each part. 


. The sketches in question 7 could be either ___________ or 


sketches. 


. What do you include in a perspective sketch? 
10. 
11. 


How do you select the viewing position? 


What is probably the greatest advantage to being able to do 
technical sketching with facility? 


What manipulative advantage do you have with sketching over 
mechanical drawing? 


List the minimum equipment necessary to make a technical 
sketch. 


CHAPTER- 


CURVE OR BEND ALLOWANCE 
WHAT IS BEND ALLOWANCE? 


You'll see curves practically every time you see a bend 
line on a blueprint. Bending is the forming operation most 
frequently used in aircraft construction. If bending metal 
is one of the skills included in your rating, then, unless you 
know how to master the curve in bending metals, you will 
always have trouble in your layout work. 

First of all you must realize that a curved corner takes 
less metal than a square corner. This is demonstrated in 
figure 7-1. 

The problem is to figure out how to cut the stock the right 
length before you bend it. This is where you'll need to 
know the BEND ALLOWANCE (abbreviated B. A.), that is, 
how much metal to allow for each bend. 

Aluminum alloy of any thickness may be bent cold, pro- 
vided it is done over a properly rounded corner. This 
curvature at the bend is'referred to as the BEND RADIUS. 
It is the inside radius of the curve, as shown in figure 7-2. 

In figure 7-3 you will see a sheet of metal held in place 
between the mandrel and bed of a bending brake. When 
the folding wing is raised, the piece to be bent will be brought 
upward through the number of degrees required for the bend 
and the radius of the bend will correspond to the radius of 
the mandrel around which the metal is being bent. 

The required radius varies both with the grade and the 
thickness of the alloy. No specific value can be set up for 
the radius at which a sheet of a given material and thickness 
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Figure 7-1.—Variations in material required for round and square comers. 
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Figure 7-2.—Bend radius. 











Figure 7-3.—Sheet ready for bending. 


must be bent. There are, however, minimum radii which 
are generally accepted. Taken from the bend allowance table 
universally used in the aircraft industry, these radii are shown 
in figure 7-4. Use appendix III when you want to convert 
fractions or decimals. 

In addition to using the proper bend radius, the actual 
amount of material used to form the bend must be known 
if accurate results are to be obtained. The amount of 
material which is actually used in making the bend is known 
as BEND ALLOWANCE, illustrated in figure 7-5. 

Theoretically, the bend allowance for a 90° bend would be 


RADII REQUIRED FOR 90° BENDS IN ALUMINUM ALLOY 


Approximate Thickness 


020 [0.025 |0.028 |0. 032 |0. 040 |0.045 |0.051 [0.057 |0. 064 |0.072 |0.081 |0. 128 





Figure 7-4.—Minimum radii chart. 
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Figure 7-5.—Bend allowance. 
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Figure 7-6.—Bend radius allowance. 
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equal to one-fourth of the circumference of a circle whose 
radius is equal to the bend radius, plus one-half the thickness 
of the metal. This is illustrated in figure 7-6. 

For bends greater or less than 90°, the bend allowance 
would be more or less, respectively, than one-fourth of the 
circumference. 

In actual practice, however, bend allowance does not work 
out so simply. The bend allowance is affected by the shrink- 
ing and stretching of the metal at the bend. This varies 
with the different bend radii, the thickness of the metal used, 
and its type and temper. Aircraft engineers have developed 
methods for determining the bend allowance and have found, 
by actual bending, the effect of the factors just mentioned. 
Before discussing methods of determining bend allowances, 
we must first understand what happens when metal is bent 
and why the amount of material required for the bend varies. 





NEUTRAL 
AXIS 





STRETCHING 
Figure 7-7.—What happens at a bend. 
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When metal is bent, the outside of the bend is stretched or 
lengthened, while the material on the inside is forced to 
shrink or shorten. 

When a sheet is being bent, the metal along a line through 
the middle of the thickness of the sheet is a neutral zone, 
where neither shrinking nor stretching occurs. This line 
occupies the same length, when bent, as a straight line, 
indicating that the bend allowance is figured along the 
neutral axis, as shown in figure 7-7. 


BEND ALLOWANCE FORMULA 


Theoretically, the amount of material required for a 90° 
bend could be figured as the circumference of a quarter of a 
circle, but in actual practice this is inaccurate due to the 
variation in physical properties of different metals. Some 
accurate basis must be used to determine the bend allowance 
for various bends. As has been mentioned, aircraft engineers 
have worked out a formula based on numerous experiments 
with actual bends in metal. This formula can be used to de- 
termine the bend allowance required for different bends 
from 1° to 180°. This bend allowance formula with an 
example is given in figure 7-8. 

The letters used in the bend allowance formula (and the 
setback formula later) are explained as follows: 

R—desired bend radius. 

t—thickness of material. 

N—number of degrees which the material will be bent. 


BEND ALLOWANCE FORMULA 
B.A.=(.01743R+ .0078 t) X N 


N=35° 
003268 +.0003!) X 35 t=.040 
003578 X 35 R=.1875 





Figure 7-8.—Bend allowance formula. 
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or R+t }*SETBACK(90°BEND) 


feo LINE MEASUREMENT 


Figure 7-9.—Technical forming terms. 


Knowing the bend allowance required for a bend is of value 
only if such knowledge is applied to the actual job of figuring 
the amount of metal needed. The length of material required 
includes all the flat and curved portions. After the length of 
these parts has been figured, a flat pattern layout is drawn 
either on paper or on the metal to be used. 


TECHNICAL FORMING TERMS 


Terms that must be considered when making straight line 
bends are defined below and illustrated in figure 7-9. 

Lec.—The longer part of a formed angle. 

Fiance.—The shorter part of a formed angle. If each is 
the same length, each is known as a LEG. 

Mo tp une (ML).—The line formed by extending the out- 
side surfaces of the leg and flange. 

BEND TANGENT LINE (BL).—The line at which the metal 
starts to bend. 

Benp aLtowance (B.A.).—The amount of material con- 
sumed in making the bend. 

Rapius (R).—The radius of the bend—always to the 
inside of the metal being formed unless otherwise stated. 
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Figure 7-10.—Setback or K table. 





Serpack (SB).—The amount that the two mold line 
dimensions overlap when they are bent around the formed 
part. Setback must be figured with the aid of the K table, 
in figure 7-10, for bends of other than 90°. In a 90° bend 
SB=R+t. 

BEND LINE (sometimes called BRAKE Or SIGHT LINE).—The 
layout line on the metal being formed which is set even with 
the nose of the brake and serves as a guide in bending the 
work. See figure 7-16. 


Setback 


To make the flat layout accurately, not only the bend 
allowance for each bend but also the length of these flat 
portions between the curves must be determined. In order 
to determine the length of these flats, the setback for each 
bend must be found and subtracted from the base measure- 
ment. The K table, shown in figure 7-10, gives the constants 
necessary to enable you to calculate the setback for all 
degrees of bend. By multiplying the value given in figure 
7-10 (which is known as constant K) by R++t, the distance 
from the reference line (mold line) to the bend tangent line is 
obtained. This distance is called the setback. 

Figure 7-11 illustrates the setback formula and its use. 
Notice that N is the number of degrees which the material 


SETBACK FORMULA 
SETBACK=K(R+ t) 





Formula in Use Example 
Setback= K(R+2) N=35° 
Setback =0.31530(0.1875+ 0.040) t=0.040 
| Setback =0.07173 R=0.1875 
K(From Table) 
0.31530 


Figure 7-11.—Setback formula. 
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will be bent, ¢ is the thickness of the material, and RF is the 
bend radius. 


SETBACK FORMULA APPLICATION 


To illustrate the use of the bend allowance and setback 
formulas in figuring the amount of material needed for the 
flat layout and in locating the bends, a few typical problems 
are worked out. For a job involving two 90° bends we will 
use the problem subsequently used as an example for the 


simple flat layout method and shown in figure 7-17. The — 
comparative accuracy of the simple method for this type of — 


bend will be made evident. Figure 7-12 shows the problem 
in detail. The term “base measurement” means the same 
thing as “mold line measurement” shown in figure 7-9. 


Procedure 
1. Determine setback. 
Setback=K(R+12). 
Setback = 1(0.125+0.040). 
Setback=0.165 or '%.. 
2. Determine length of all flats (fig. 7-12). 
Flats A and H=Base measurement—setback. 
Flats A and E=1 inch—0.165. 
Flats A and E=0.835 or 5%. 
Flat C=Base measurement—2 setback. 
Flat C=3 inches—2(0.165). 
Flat C=3 inches—0.330. 
Flat C=2.670 or 24%. 
3. Determine bend allowance for all bends (at B and D). 
B.A.= (0.01743 R) + (0.0078 t) XN. 
B. A.=(0.01743 X0.125) + (0.0078 X 0.040) x 90°. 
B. A.=0.2242 or %2. 
4. Make the layout as shown in figure 7-13. 
Total length=*%a+ Kat 2'%at het Me. 
Total length=4‘%, or 4.77 (as compared to 45%, or 4.80 
by the simple method illustrated in figure 7-17). 


The following outline lists the procedure for determining — 


the flat layout for a job with open and closed angles. Figure 
7-14 illustrates this procedure. 
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Figure 7-13.—Setback layout. 


Procedure 


1. Determine setback (fig. 7-14). 
Setback at B=K (R+42). 
Setback at B=2.4142 (%:+0.051). 
Setback at B=0.499 or 4. 
Setback at D=K (R+12). 
Setback at D=0.4142 (%2+0.051). 
Setback at D=0.0857 or %«. 
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Figure 7-14.—Procedure for open- and closed-angle job. 


2. Determine length of all flats (fig. 7-14). 

Flat A=Base measurement—setback at B. 

Flat A=2 inches— \. 

Flat A=1%. 

Flat E=Base measurement—setback at D. 

Flat E=14%—%. 

Flat B=1°%«. 

Flat C=Base measurement—setback B+D. 

Flat C=1%—(%s+4). 

Flat C= 11%. 
3. Determine bend allowance for all bends (fig. 7-14). 

B. A, at B (0.01743 R)+(0.0078 t) XN. 
. at B (0.01743 X 0.156) + (0.0078 X 0.051) X 135°. 
. at B (0.4207 or 2%). 
. at D (0.01743 R)+ (0.0078 t) XN. 
A, at D (0.01743 X0.156) + (0.0078 0.051) X45°. 

B. A. at D 0.1402 or %s. 

4. Make the layout as shown in figure 7-15. 

In figure 7-15 the bend tangent lines indicate the portions 
which are bent. Before forming each bend, it must be de- 
cided which end of the material can be most conveniently | 


be by by be 
Db p> PS Pp 
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Figure 7-15.—Layout for open- and closed-angle job. 


inserted in the brake. Then the bend line is measured and 
marked with a soft pencil from the bend tangent line closest 
to the end which is to be placed under the brake. This 
measurement should be equal to the radius. The metal is 
inserted in the brake so that the nose of the brake will fall 
directly over the bend line, as shown in figure 7-16. 


SIMPLE FLAT LAYOUT BENDING METHOD 


Figure 7-16 illustrates an accurate method of bending the 
flat layout which has one or two 90° bends. This method 
may be used for the majority of aircraft fabrication involving 
bending. It is applicable to only those 90° bends whose 
radius is equal to approximately 1, 2, or 3 times the thickness 
of the material. For example, where FR equals % (0.0937), 
and ¢ equals 0.051, R equals 2¢ approximately. In using this 
method, the end of the sheet closest to the bend line must be 
inserted in the brake. The distance the bend line is located 
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Figure 7-16.—Simple flat layout bending method. 


from the end of the sheet is equal to the inside height of the 
flange or leg. 


SIMPLE FLAT LAYOUT METHOD EXAMPLE 


Figure 7-17 illustrates the dimensions for a flanged job 
which can be laid out by the above method. 


R=0.125 (i. e., R= approximately 3t) 
t=0.040 


1. Determine inside dimensions. 
Inside height=1.000—t. 
Inside height= 1.000 —0.040. 
Inside height=0.960. 

Inside width=3.000—2t. 
Inside width=3.000—0.080. 
Inside width=2.920. 
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2. Determine overall length, as shown in figure 7-17. 
Overall length=0.960+0.960+2.920—2 (0.040+2). 
Overall length=4.80 or 45%. 

3. Each bend is made by inserting the end of the metal 
under the jaw of the brake so that the bend line—which has 
been marked on the sheet with a soft-lead pencil—will be 
directly under the nose of the brake, as demonstrated in 
figure 7-16. The bend line here is 0.960 inch from the 
end of the sheet, as shown in figure 7-17. 


FORMULA METHOD OF FLAT LAYOUT 


As the name implies, the formula method of flat layout 
necessitates the use of the bend allowance and the setback 
formula when making a layout containing 1, 2, or more 
bends. The bend allowance must be determined in order 
to find the amount of material used in each bend, and the 
setback must be determined to locate the beginning of the 


+| pores 
| re 
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Figure 7-1 7.—Dimensions for flanged fabrication. 
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BEND LINE ALIGNED 
BY EYE OR SQUARE 


Figure 7-18.—Form blocks used for alinement of bend line. 


The advantage of the formula method of layout over the 
simple method just discussed is its greater degree of accuracy. 
The formula method may be used for the flat layout of parts 
with any number and kinds of bends. 


BENDING MACHINES 


In working in the shop you’ll discover that there are nu- 
merous ingenious machines that will solve your bending 
problems automatically—such as radius bars, die brakes, 
bending brakes, flange machines, and box brakes. But there 
will be times when you'll have no machines, and then you'll 
be thankful that you"know how to figure bend allowance and 
set back so you can make an accurate and correct layout on 
the flat sheet of metal. Having that, many forming jobs can 
be done without machines. Figure 7-18 is typical of an 
improvised setup for bending metal without a machine. 


96 


11. 
12. 
13. 


14. 


15. 


QUIZ 


. From where did the minimum radii come that are listed in figure 


7-3, the minimum radii chart? 


. What is the theoretical bend allowance for a 90° bend equal to? 
. What surfaces would have to be extended to establish the theoret- 


ical edge called a mold line? 
For what does the abbreviation ML stand? 


. If a mold line is a theoretical line or edge, how would it be repre- 


sented or located on a drawing showing only the edges of the sheet? 


. What happens to metal along the bend when it is bent? 
. Where along a bend is there no internal stress, neither compression 


nor stretching (tension)? 


. Why is the neutral axis used for measurements? 
. What measurement is taken along the neutral axis? 
. What does the length of the curved portion of the neutral axis 


represent? 
What do you call the extra length or amount of material? 
To what is the radius of a bend always measured? 
Using the minimum radii chart in figure 7-4, and the bend allow~ 
ance formula in figure 7-8, find the B. A. for a 25° bend in 24ST 
aluminum, 0.032’ thick, bent to the minimum radius for this 
material and thickness. 
Given: 

Bend radius required is \4’’. 

Material to be bent 44°. 

Thickness of material is 0.081'’. 

Material to be 17SO aluminum. 
Required: 

a. Can this material of this thickness be bent around the required 

radius? 

b. If so, find the bend allowance. 
Using the setback (K) table shown in figure 7-10, and the setback 
formula shown in figure 7-11, find the setback for a 30° bend in 
0.032’ 24SRT aluminum which is to be bent to a radius of 5$2’’. 
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16. Use the SB and B.A. formulas to locate the bends and to figure the 
amount of material needed for the flat layout of the 0.051 alu- 
minum (24SO) job shown in the followin g drawing: 
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CHAPTER 


TEMPLATES 


ACCURACY REQUIRED 


In this chapter you will read about templates and how 
they are made and used. You will be told of the many 
precautions that are taken when templates are made so 
that you will come to “know your templates.”” The reason 
templates are included in this book on Blueprint Reading 
and Sketching is that, in many ways, they serve the same 
purpose as a blueprint. They furnish information regarding 
size, shape, reference numbers, hole size and locations, and 
material specifications for the part that will subsequently be 
made from the template. It is true that this information 
also appears on the blueprint for the part, and you will 
check your template for accuracy—or actually make it in 
the first place—with the blueprint. 

However, since you may often use templates in conjunc- 
tion with blueprints to make parts—or even use them in 
place of blueprints in making such parts—you must know 
something about them. They are particularly useful if the 
need for the parts to be made is recurring, or if a large number 
of a single part is needed. 

The measurements on templates MUST BE ACCURATE. 
The template is made first and is used in production work 
as a guide for making a number of duplicate parts. If it’s 
wrong, all parts made from it are wrong. 

The procedure followed in making a template is essen- 
tially the same as that used in making a layout. Tem- 
plates are usually made of sheet steel, to withstand the 
wear and tear of shop use. But in spite of the sturdy 
metal, templates become damaged or inaccurate from use. 


Don’t work with an inaccurate template. Get out the 
blueprint and make a new template. 

Since you are going to be working in metal to limits of 
+0.010 or +0.003 inch, you’ll have to have a magnifying 
glass. No guesswork is permitted when you make templates. 

You can’t use a pencil or a pencil compass, because neither 
makes a sufficiently sharp outline. For all template work 
you'll use scribers and dividers, to make the sharpest outline 
possible. And for further accuracy you'll use your magni- 
fying glass—to transfer dimensions from scales, to set 
dividers, and to check up on the accuracy of scribed lines. 


MAKING A TEMPLATE 


In making a template you'll need to figure the B.A. if 
the part has a bend. The man who makes a part from 
your template wants to be sure you figured the B.A. before 
he starts cutting the metal. The geometric construction 
and B.A. are all a part of the usual layout job. But you'll 
vary the layout procedure slightly. 









L TYPE OF TEMPLATE 


2. METHOD OF DEVELOPMENT 
(BEND ALLOWANCE) 

THE DIRECTION AND NUMBER OF 
OEGREES THE FLANGE 1S FORMED 
THE RADIUS ON WHICH THE 
MATERIAL 1S FORMED 


THE PART NUMBER 


6. AND THE CHANGE NUMBER, IF ANY 
CHANGES HAVE BEEN MADE ON PRINT 


Z% HOLES SHOULD BE SHOWN, AND THE 
SIZE OF THE HOLE MARKED. ALL 
SIZES BUT NO.40 ARE MARKED ON 
THE TEMPLATE. UNMARKED HOLES 
ARE CONSIDERED TO BE NO.40 


& THE MODEL NUMBER OF THE SHIP 
MUST ALSO BE SHOWN 


Figure 8-1.—Template. 
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In the first place, this is one time when you're expected 
to mark on the surface. 

Study figure 8-1. The information and _ instructions 
listed are all a part of a template. They’re there so that 
anyone can make a part simply by reading the directions. 

SLT is an abbreviation for steel layout template. 

BL is an abbreviation for bend line. 

Notice that two notches have been cut into the template 
on the left-hand and right-hand edges. They’re there to 
help you transfer the BL’s to the work. The rest of the 
information is self-explanatory. 


HOLES 


In order to achieve the highest degree of accuracy, the 
holes in template work are punched. They are never 
drilled. The purpose of the template holes is to specify 
location, not size. For this reason a punch of a specific 
diameter—either % inch or % inch, depending upon instruc- 
tions—can be used for all the holes. 

When transferring hole locations from the template to 
the work, use a transfer punch. This punch will fit exactly 
in the punched hole on the template. When you strike 
it with a hammer, you'll make a center punch mark on 
the work underneath. 

Once you have a center punch mark, you are ready to 
start drilling. The size of the drill vou should use is 
given on the face of the template. 


BEND RELIEF HOLES 


Wherever bends intersect the metal tends to ‘crowd.” 
This ‘crowding’ causes the metal to bulge at the inter- 
section and sets up internal stresses which can eventually 
cause the metal to fail. 

This danger can be avoided by locating a relief hole at 
the intersection of bends. It is then possible to cut away 
the material at the intersection so that the flange and leg 
will be independent of each other. By doing this you can 
avoid strains on the metal where the bends meet. 
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There are several types of relief holes (fig. 8-2). Blueprints 
will always specify which type you should make. 

In a the relief hole is located at the intersection of the 
inside bend lines. The diameter of the hole is usually 
calculated as being four times the thickness of the metal. 
This type of relief hole is particularly effective when rivets 
or bolts have to be put close to corners. 

In b the radius point is at the intersection of the centerlines 
of the two sets of bend lines. You'll probably use this type 
of relief hole more frequently than any other. 


Pact 


Figure 8-2.—Types of relief holes, 


In ¢ the point for the radius is at the intersection of the 
two outside bend lines. This type of relief hole can be used 
only on soft stock; it’s especially good for watertight con- 
struction that does not require welding. Such a corner may 
be used to make compartments watertight, by placing a 
compound-saturated cloth over the hole; or it may be used 
in a corner where stringers or stiffeners come through a bulk- 
head. 

In d three bends meet. 

In e you see the same problem, but the hole has been 
modified. It’s easier than the method shown in d. Simple 
fabrications also keep construction time down. 


TABS 


Occasionally you'll be able either to save time or prevent 
the loss of a template by putting tabs on the template. 

For instance, the template shown at the left in figure 8-3 
has two tabs. The large tab has a hole, drilled especially 
to take the pilot of a sheet metal punch. This punch has a 





Figure 8-3.—Template with two tabs. 


curved edge which will cut out the radius in one operation. 

When you see the letter S in a line, you should cut along 
that line. The S stands for sHEAR. 

The small tab is useful, too. You can use it to center 
a round punch for making the small radius. After the 
hole has been made in the sheet, you can make straight 
cuts, leaving the radius clear. 

Before you make a tab of this kind, check up on your 
equipment. You’ll need special tools for the punching. 

‘The perspective drawing shows the part as it would be 
made. The tabs have been removed. 

The template shown in figure 8-4 is mostly tab. 

A small template is hard to work with and is easily mis- 
laid. But a large tab lets you get a good hold on the tem- 
plate, so that you can keep it in position when scribing 
around it. 

Because there’s more room on the tab than on the tem- 
plate, the template information has been put on the tab. 


| 


Figure 8—4.—Template with large tab. 
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MORE THAN ONE 


In laying out a template that has more than one flange, 
first sclect a base—usually the largest section of the final 
part. The base shown in a of figure 8-5 is the section, A, 
to which the flanges are attached. Then add the B.A.’s 
as shown in 6. Next add the two flanges. Notice that a 
small tab is indicated. That’s to make sure that the relief 
hole is properly positioned. 


ag 





Figure 8-5.—Template with more than one flange. 


When you transfer BL’s and centerlines to your work— 
in fact, any line that will not be removed by cutting—-use 
a pencil. 
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Quiz 


For what is a template used? 
Why are templates made to such close tolerances? 


ame three rules for template-making which are intended to insure 
accuracy. 


What do relief holes relieve? 


What should you do if you find a template has become inaccurate 
from use? 


What tool do you use to transfer hole locations from the template 
to the work? 


How does a transfer punch work? 


A tab may be used to locate the pilot of a sheet metal punch which 
will then _____________ a radius. 


A tab may also be used to locate a smal! punch to 


. Why are tabs sometimes larger than the template? 
. On a small template with a large tab, where will you find the 


template information? 
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CHAPTER 





ELECTRICAL AND ELECTRONIC BLUEPRINTS 
INTRODUCTION 


In order to understand and maintain the maze of electrical 
wiring throughout a ship and to service electrical and 
electronic equipments, a technician must be able to read 
electrical blueprints. It can easily be seen that confusion 
would exist if for each ship there were not a complete set of 
accurate electrical wiring prints—for even though ships 
of the same type or class look alike, there are always some 
differences in their actual wiring layouts. The technicians 
must constantly refer to these prints when tracing circuits 
if an efficient job is to be done. The technician would be 
lost in a maze of parts and wiring unless specific equipment 
wiring and schematic prints were available for reference. 

This chapter is designed to acquaint concerned personnel 
with the types and uses of electrical and electronic blueprints. 


TYPES 


There is a great deal of information on electrical and 
electronic blueprints if all the aspects for the circuits of each 
are to be included. If all this necessary information, 
physical and electrical, for the description of one major 
circuit were placed on a single blueprint, either the print 
would be too large for effective use or the information would 
be so jammed together that it would be nearly impossible 
to read. 

There are therefore four basic types of electrical and 
electronic blueprints to which a technician may refer: 
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ELEMENTARY, ISOMETRIC, WIRING PLANS and SCHEMATICS. 
For shipboard wiring only the elementary, isometric and 
wiring plans are used. Both elementaries and schematics 
are essential when working on the INTERNAL circuitry of 
electrical or electronics equipments. 


SYMBOLS 


As there are many blueprints issued by activities within 
the Naval Establishment, as well as many others furnished 
by contract equipment manufacturing companies, there 
has been developed a standard set of symbols and reference 
designations for use in electrical and electronic blueprints. 
These standard symbols and reference designations are 
contained in Military Standards pamphlets (Mil-Std). 
They are approved by the Departments of the Army, Navy 
and Air Force prior to service use. Mil-Std 15A and 16A 
are the current publications which contain the symbols and 
reference designations for electrical and electronic blueprints. 

To reduce further the complexity of blueprint reading, 
cable tracing, and location of associated units, a standard 
set of markings has been developed for identifying electrical 
units and cables. The present usage designations were 
issued in 1949 in the Bureau of Ships Publication ‘General 
Specifications for Machinery for Vessels of the United 
States’’, section 28-2. As of 1 July 1954 these specifications 
have been revised into a new section 28-2. However, these 
revised designations are to be used only on NEW CONSTRUC- 
rion vessels. The following paragraphs discuss each 
system. 


PRESENT USAGE DESIGNATIONS (1949) 


In general all marking of equipment is by name plate. 
Stamping or stenciling of characters on equipment is not 
used for marking except where specifically required or 
approved. Name plates should be located in a readily 
accessible position where they can be read at all times with- 
out danger to personnel. When a name plate is mounted 
on a panel or switchboard, it is close to the equipment to 
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which it refers, and is generally either directly above or 
directly below it. 


Numbering Electrical Units 


It will help you to remember, while you are reading elec- 
trical prints, that numbering which appears on the print 
also appears on the actual gear. It will also help to know 
that, in general, the system followed in assigning numbers 
to various electrical units conforms to the following rules: 

Beginning with the lowest, forward, starboard. compart- 
ment,:all similar electrical units in that compartment are 
numbered before proceeding to the next compartment. 

In the next compartment to the forward one, on the same 
level and the next inboard or to port of the first, this same 
procedure is continued, working from starboard to port and 
from forward to aft, until all units on that level have been 
numbered. Then, this same procedure is followed on the 
next upper level. 

Within a given compartment, then, the numbering of 
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Figure 9-1.—Name plate markings for distribution panels. 


similar units follows the same rule; that is Lower takes 
precedence over UPPER, FORWARD takes precedence over AFT, 
and sTARBOARD takes precedence over PORT. 

Distribution panels, load center panels, and bus transfer 
equipment for lighting and power are numbered as follows: 

Each panel or bus transfer unit begrs a number related to 
its location (deck, frame number, and whether starboard, 
port or centerline). See figure 9-1. For purposes of show- 
ing deck locations of this equipment, a vessel is divided in 
all cases, using the main deck as the starting point. The 
numeral | is used for the main deck, and each successive 
deck above is numbered 01, 02, 03, etc., and each successive 
deck or platform below the main deck is numbered 2, 3, 4, etc. 

To show a particular location on a deck, the frame number 
is used for the fore-and-aft position, and even and odd 
numbers are used for port and starboard locations respec- 
tively. For panels located on the centerline, no numeral is 
assigned. Figure 9-1 illustrates these markings. 


Switch Marking 


Switches and circuit breakers mounted on distribution 
switchboards are provided with name plates. These name 
plates are located directly above each feeder knife switch or 
circuit breaker and include (1) feeder letter and number; (2) 
name of equipment controlled; (3) load in amperes; and (4) 
trip element or fuse rating. Fuses for instruments have 
similar name plates which designate the circuit and fuse 
rating. Name plates for ship’s service lighting and battle 
power feeders have red markers, and the handles of knife 
switches and type-ACB circuit breakers of these circuits are 
red. 

Switches and circuit breakers on lighting and power distri- 
bution panels and bus-transfer equipment are provided with 
circuit name plates located adjacent to the handles of each 
switch or circuit breaker. These name plates include (1) 
circuit letter and number; (2) load in amperes; (3) location 
of apparatus or space served ; (4) name of apparatus or circuit 
controlled; and (5) trip element or fuse rating. 


109 


Phase and Polarity Markings 


Switchboard buses are marked with their phase identifi- 
cation or polarity. Terminals on the backs of switchboards 
are provided with name plates. These name plates include 
(1) circuit letter and number, and (2) phase identification or 
polarity. © 

The letters “A”, “B”, and “C” are used to identify the 
phases in 3-phase systems. The standard phase sequence 
in the Navy for lighting and power switchboards, distri- 
bution panels, feeder distribution boxes, junction boxes, and 
connection boxes is in the order A~B-C from top to bottom. 
When the observer is facing the front of a switchboard, the 
sequence is A~B-C from right to left, and when he is facing 
the rear of the switchboard, the sequence is A~B-C from left 
to right. The color coding on cables for 3-phase systems is 
black, white, and red for phases A, B, and C respectively. 
Phase sequence determines the direction of rotation of 
3-phase motors. Reversal of the phase sequence reverses 
the direction of motor rotation. 

The positive, neutral, and negative polarities of d-c buses, 
terminals, and cables are denoted respectively by black (+), 
white (+), and red (—). All terminal lugs in distribution 
panels are stamped with the circuit letter and number. Bus 
bar and main supply lugs are stamped with the phase letter 
(A, B, C) or polarity sign (+, +, —), as applicable. 


Cable Markings 


All ship cables are readily identified by means of cable 
tags which give their source, relative importance, and 
classification for the purposes of maintenance and replace- 
ment. The metal strip upon which the identification 
marking for a cable is made is defined here as a cable tag 
(tags are shown in figure 9-2). Color markings, where 
required, are INCORPORATED IN THE CABLE TAG as specified 
later. 

Classification of Circuits 


Electric power cables and circuits are classified according 
tO SERVICE, IMPORTANCE, and SOURCE. 





Figure 9-2.—Power cable marking. 


Service.—All electric cables and circuits are classified to 
designate the particular type of equipment that they serve. 
These services are denoted by the following letters embossed 
on all cable identification tags: 

C—Interior communications. 
D—Degaussing. 
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F—Ship’s service lighting and general power. 
FB—Battle power. 
G—Fire control. 
MS—Minesweeping. 
P—Electric propulsion. 7 
R—Radio and radar. 
RL—Running, anchor, and signal lights. 
S—Sonar. 
XFE—Emergency lighting and emergency power. 
Importance.—Power and lighting cables and circuits are 
classified into vital, semivital, and nonvital groups according 
to their importance. These groups of circuits are identified 
by means of colored cable tags as follows: 
Nitalclreittess 22522558 Sats asi eatacs oben secigscSacin 
Semivital circuits 
Nonvital circuits. 
All permanently installed ship’s cables are tagged as close 
as practicable to each point of connection. Cables are 
tagged also on both sides of decks, bulkheads, or other 
barriers (fig. 9-2). The distance between tags in cable runs 
must not exceed 50 feet. 4 
Sourcse.—The source of lighting and power cables is 
denoted by means of cable numbers. These numbers indi- 
cate the cable voltage; the feeder from which the cable 
emanates; and whether the cable is fed from a forward or 





after switchboard. Letters and numerals following the | 


cable number denote whether the cable emanates from a 
main, submain, or branch. 

The terms “feeder,’”’ “main,” “submain,” “branch,’”’ and 
“subbranch” are used when referring to lighting and power 
cables. A feeder is a cable emanating from a switchboard; 
a main is a cable emanating from a feeder; a submain is a 
cable emanating from a main; a branch is a cable emanating 
from a submain; and a subbranch is a cable emanating from 
a branch. 

Feeders connected to forward switchboards have odd 
numbers and feeders connected to after switchboards have 
even numbers. In installations that have only one switch- 
board, the feeders that run in a forward direction have odd 
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numbers and those that run in an after direction have even 
numbers. 

Feeders are divided into (1) regular feeders that supply 
power to the ship’s auxiliaries, and (2) feeders that supply 
power for particular applications. For example, the mark- 
ings of regular feeder number 411 for the successive cables 
from a switchboard to a load are: 





The first numeral of the feeder number indicates the volt- 
age of the system—that is, feeder numbers for a 117-volt 
lighting system range from 100 to 199 inclusive, and those 
for a 450-volt power system range from 400 to 999 inclusive. 

The latter group of feeders that supply power for par- 
ticular applications includes bus-tie cables; excitation cables; 
feeder cables to lighting distribution switchboards; feeder 
cables to load-center panels; generator cables; shore connec- 
tion cables; and switchgear group interconnecting cables. 
These feeders are designated by a cipher prefixed to the 
feeder number—as FB-0401 denotes a generator feeder. 

Figure 9-3 illustrates a blueprint of a partial (after switch- 
board) shipboard electrical distribution system with cable 
and unit markings as they should appear. From the fore- 
going text all markings shown can be easily identified for 
power originating at a port side ship’s service generator— 
the number of feeders, mains, submains, etc., and the location 
of the fed units. 


NEW DESIGNATIONS SYSTEM (1954) 


Because of the increase in electrical equipment aboard the 
modern warship, the 1949 designation system became very 
cumbersome and, in some instances was ambiguous in iden- 
tification data. The Bureau of Ships therefore developed 
and instituted the system now being used on new construc- 
tion, a description of which follows. 

In general the new system of numbering electrical units 
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Figure 9-3.—Blueprint of a partial shipboard electrical distribution system. 


still conforms to the 1949 system but the designation sym- 
bols have been changed as described in the following 
paragraphs. 


POWER AND LIGHTING EQUIPMENT 


The following special requirements apply to numbering 
electrical equipment for power and lighting: 
Switcupoarps. Switchboards or switchgear groups sup- 
plied from generators are designated: 
Switchboards for ship’s service generators—1S, 2S, etec., 
as necessary to designate all ship’s service switchboards; 
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Switchboards for emergency generators—1lE, 2E, etc., 
as necessary to designate all emergency switchboards; 

Switchboards for special (other than frequency of ship’s 
service generators) frequency a-c generators—ISF, 2SF, 
etc., as necessary to designate all special frequency switch- 
boards. 

In these designations the initial number denotes the num- 
ber of the switchboard, determined in accordance with the 
previously discussed general rules for numbering. The 
letter S denotes ship’s service, the letter E emergency, and 
the letters SF special frequency. 

Sections of a switchgear group other than the generator 
section are designated by an additional suffix letter, begin- 
ning with the letter A and proceeding in alphabetical order 
from left to right, facing the front of the switchgear group. 

Load center switchboards and miscellaneous switchboards 
used on ship’s service a-c systems are given an identification 
number. If zone control distribution is used, the first digit 
indicates the zone and the second the number of the switch- 
board within that zone, determined in accordance with the 
general rule for numbering. If nonzonal distribution is used, 
the first number designates the deck on which the switch- 
board is located, the second number indicates the frame, and 
the third number indicates whether port or starboard in the 
same manner as these numbers are determined for distribu- 
tion panels. 

Transformers are designated by the letters TF, Motor 
Generators by the letters MG, and Rectifiers by the letters 
RY 


Cable and Conductor Identification 


The general requirements for tagging cables and con- 
ductors are the same as in the 1949 system. However, the 
designation of power and lighting cables is made up of three 
parts in sequence, (1) source, (2) voltage and, (3) service 
and, where practical, destination. These parts are separated 
by hyphens. For cables that have normal and alternate or 
emergency feeders, the source designation contains first the 
source of the normal feed and second, separated by a slant 
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line, the designated source of the alternate or emergency 
feed. For example 18/25, 1S/2E, etc. 

The following table of letters is used to designate the var- 
ious cable services: 


Taste 1.—Casie Service DEsiGNATIONS 





Desig- 
nation 


Service 





Degaussing- __- 
Electronics__. 
Fire Control 
Interior Communications - 
Lightirlg, emergency - - - 
Lighting, navigational. 
Lighting, ship’s service - 
Minesweeping_- 
Power, ship’s servi 
Power, casualty _ _ 
Power, control. __-- 
Power, special frequency -- 
Power, emergency - - - 
Power, propulslot. .. -c.ccsssseeccoca sn ee Esa eee cee 

















D 
R 
G 
Cc 
EL 
N 
L 
MS 
P 
cp 
K 
SP 
EP 
PP 








The destination of cables beyond panels and switchboards 
is designated except that each circuit receives alternately a 
letter, a number, a letter, and a number, progressively, every 
time that it is fused. 


Generator Cables 


For the purpose of designating power cables between gen- 
erators and switchboards, generators are given numbers for 
cable marking purposes only. These numbers must not 
appear on the generator label plate. 

If only one generator supplies a switchboard, the generator 
has the same number as that of the switchboard plus the 
letter G. Thus: 1SG denotes that only one ship’s service 
generator is supplying a ship’s service switchboard. 





The numbers used to designate voltage should conform to 
the following table: 


TABLE 2.—VoLTAGE DESIGNATIONS 





Desig- 
nation ! 


Volts 


SCBINPALON 











1 For a 3-wire d-c system or a 4-wire 3-phase system the cable voltage 
designation indicates the higher voltage. 


2 Voltages below 100 volts are designated by the actual voltage (e. g. 
24 for 24-volt circuit). 


If more than one generator supplies a switchboard, the 
first generator determined in accordance with the general 
numbering rule will have the letter ‘A’ immediately follow- 
ing the designation; the second generator that supplies the 
switchboard will have the letter ‘“‘B,” etc. Thus 1SGA and 
1SGB would designate cables from two generators supplying 
number 1 switchboard. Table 3 illustrates the use of the 
foregoing discussion on cable markings. 


Figure 9-4 illustrates a partial section of a typical ship- 
board blueprint of a power and lighting system using the 
new numbering and designating system. 
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Taste 3.—Trpica 


Component 


68G____. 


BIAZ: £2 22826 332i, 





L Power ano LicHTInG CaBLE DeEsIGNaTions 


Meaning 


| 
Ship’s service generator supplying ship’s service 
switchboard No. 6S. 

Ship’s service generator A (where 2 or more are 
used) supplying ship's service switchboard No. 
68. 


Emergency generator supplying emergency switch 
board No. 1E. 

Special frequency generator supplying special 
frequency switchboard No. 2SF. 

Ship’s service switchboard No. 6. 

Emergency switchboard No. 1. 

Special frequency switchboard No. 2. 

Section B of ship’s service switchboard No. 38. 

No. 1 load center switchboard in zone 3. 

450-volt ship’s service power. 

1,000-volt special frequency power. 

450-volt emergency power. 

120-volt emergency lighting. 

450-volt ship’s service lighting. 

120-volt ship’s service lighting. 

28-volt special frequency power. 

Distribution panel located on 3d deck, frame 125, 
port side of centerline. 

Section one of cable connected to distribution 
panel located on 2d deck, frame 112, second 
one outboard of the centerline on the star- 
board side. 

No. 2 feeder, main, or submain supplied from load 
center, switchboard or distribution panel. 

No, 1 submain or branch supplied from distribu- 
tion panel or distribution box. 

No. 1 branch or subbranch supplied from dis- 
tribution box. 

No. 2 subbranch supplied from distribution box. 








Special Equipment Systems 


All special equipment systems cable such as Degaussing, 
Electronics, Casualty Power, etc., are designated in accord- 
ance with table 1 after they leave the supply and control 
panels. There are so many special suffixing designations 
for such cables that no attempt has been made to include 
them in this text. 


Phase Markings and Tag Color Coding 


The phase and polarity markings and the tag color coding 
for Vital, Semivital and Nonvital circuits are the same as 
the 1949 designations. 


450vV -60 ~~ 
TURBO-GEN NR.4G 








48G-4P-45 
—4S-4P-45G-H 















4S-4P-55 
38-4P-45 


BUS TIES 
4S-4P-3E 





4S-4P-(03-63-2) 
4S-4P-(2-162-2) FEEDER 


POWER DISTRIBUTION PANEL 


(2-162-2)-4P-B 


(2-162-2)-1L-C1D1 
(2-162-2)-1L-CiD2 


‘SUB BRANCH 


Figure 9-4.—Typical designation of power and lighting system. 
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ELEMENTARY WIRING DRAWINGS 


The elementary wiring drawing is, as the name implies, as 
simple as possible while still showing necessary details. It 
shows each individual conductor in the circuit and every 
connection made. It may or may not show the connection 
boxes themselves. Normally these prints show identifying 
markings with which the cable can be physically located. 
Elementary drawings, in most instances, do not show fixture 
locations and cable runs, unless specifically concerned with 
one equipment system. They are not drawn to scale. An 
elementary drawing would be used to check proper connec- 
tion in a circuit or to make the initial wiring hookup. Each 
equipment elementary wiring blueprint contains one circuit 
only. Figures 9-3 and 9-4 illustrate an electrical system 
elementary blueprint. 


ISOMETRIC WIRING DRAWINGS 


Each electrical system has its own isometric wiring draw- 
ing. If the individual system is not too large, it will be 
covered by one blueprint. There will be a separate isometric 
wiring diagram for each IC circuit. 

In isometric wiring drawings the decks are arranged in 
tiers, starting at the bottom with the hold and successively 
arranged to show the bridges and superstructure. Section 
and divisional bulkheads are shown, as well as the bulk- 
heads that divide the deck into the main compartments. 
The centerline is marked with frame numbers every 5 or 
10 frames. The outer edge of each deck is drawn with the 
general outline of the shape of the ship. 

All athwartship lines are shown at an angle of 60° to the 
centerline, and the location of compartments as shown by 
the blueprint gives an accurate idea of the deck arrangement, 
although not in detail. The purpose of distorting the 
athwartship lines is to permit the continuous representation 
of cables passing between decks. Cables running from one 
deck to another are drawn as light lines at right angles to 
the centerline. 

The exact location of fixtures and cable runs cannot be 
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Figure 9-5.—lsometric wiring diagram for 8-inch turret illumination system. 


satisfactorily found by use of an isometric wiring blueprint, 
because the locations shown are only approximate. The 
symbol numbers of the fixtures in the circuit are given and 
also the cable numbers and sizes. This aids the electrician 
in associating each circuit with its elementary wiring draw- 
ing. An isometric wiring diagram for a turret is shown in 
figure 9-5. 

Elementary and isometric presentations of a circuit often 
are on the same blueprint. Isometric wiring drawings use 
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schematic symbols and are never drawn to any one fixed 
scale. 

A cable, regardless of the number of conductors, is repre- 
sented on an isometric wiring diagram by a single line, 
and no attempt is made to show the proper connections in 
connection boxes or at fixtures. An isometric type of 
drawing thus shows at a glance a rough picture of the entire 
circuit’s layout. Isometric wiring diagrams of lighting and 
power circuits usually are used to indicate only the main 
supply cables, feeders, and their associated equipment. 


WIRING PLANS 


There are many types of wiring plans, each depending 
on the type of installation concerned. A wiring deck plan 
is a blueprint used chiefly in construction. It enables a 
naval shipyard electrician to lay out his work for a number 
of cables without referring to each individual isometric 
wiring drawing. It would be used by the shipboard elec- 
trician to trace a circuit or circuits on one deck. 

The wiring plan for a specified piece of equipment would 
show all the wires used and where they are connected, such 
as shown by the illustration in figure 9-6. 


SCHEMATICS 


A schematic diagram shows how the parts of a circuit are 
connected for the OPERATION of the electrical or electronic 
circuit. It does not tell how the parts look nor how they 
are physically constructed. Each component is illustrated 
by a symbol and once these symbols are learned you will 
find the electrical schematics much easier to read. Figure 
9-7 illustrates a layout wiring diagram with a schematic dia- 
gram of the same circuit. 


WIRING CONNECTIONS 


In schematics and in some wiring diagrams, there must 
be an indication where wires cross as to whether the wires 
are connected or merely crossing. There are two methods 
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NOT GONNEGTEO 
Figure 9-7.—Simple circuit diagram showing layout and schematic presenta- 
tion. 


of making this indication. In figure 9-6 one method is 
shown wherein crossing wires are indicated by a half circle 
or loop in one of the wires and connecting wires are shown 
by each wire being straight at the junction. In figure 9-7 
(schematic) the second method is-shown wherein crossing 
wires are shown as straight lines at the junction point and 
connecting wires are shown at the junction with a large 
black dot. The second method is now preferred although 
many instruction books and blueprints still contain the 
first method. 


SUMMARY 


This chapter has pointed out the two systems of electrical 
markings used in ships of the Navy. A brief description 
has been given of each system (new and old). For further 
reference and more details the reader is referred to section 
528-2 of the General Specifications for Ships of the U. 8. 
Navy. 

This chapter has also explained the differences in the 
various types of electrical blueprints, the elementary, iso- 
metric, wiring layout and schematic and given the specific 
uses of each. Standard symbols for these prints are promul- 
gated in the Military Standard Pamphlets (Mil-Std). 
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Know your blueprints and how to use them for fast and 


efficient maintenance. 


10. 


11. 


. The letters 


. Power and lighting cables and circuits are classified into, 


QUIZ 


. What are the two basic reasons for having more than one type of 


blueprint? 


. What are the four basic types of electrical blueprints? 
. Why must we have standard symbols and reference designations 


for use in electrical and electronic blueprints? 


. How are the identifying location numbers for electrical units 


assigned aboard ship? 
‘ and —_____ are used to identify the 
phases in a three-phase electrical circuit. 











, 

and groups according to their importance and are 

identified respectively by the following colored cable tags: _____., 
,6t 








. How do the identifying numbers differ for the feeders emanating 


from the forward and after switchboards? 


. Why was it found necessary to develop a new electrical equipment 


designation system which would be an improvement over the 1949 
system? 


. The ___________ wiring drawing shows each individual conductor 


in the circuit and every connection made. 


The _________ diagram’s purpose is to show connections for 
operation of the electrical or electronic circuit. 


The. ee ise linopieing£ timed, 
chiefly in construction work. 
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CHAPTER 


MECHANICAL AND PIPING SYMBOLS 


Although this chapter mentions, from time to time, 
several of the many Navy ratings by name, the information 
given throughout the chapter probably concerns all the 
ratings. It is natural that you will be mostly interested in 
your own rating. But remember that you may be assigned 
to a damage control party. On that job for example, piping 
systems for drainage and flooding, refrigeration, boiler water, 
or possibly fuel oil—might well be your main interest for 
some time. In that case many parts of the chapter will be 
very important to you. Therefore, as you study page after 
page keep in mind the fact that it was written for all ratings 
and that it has much to offer you as well as the other fellow. 
Many pages are devoted to reference material such as an 
alphabetical list of symbols by name. This will serve as a 
reference as you cannot possibly remember all of them. 
Try to remember a few and then look up others when you 
find them appearing on the blueprints you need for the 
jobs you have to do. 


FLOW DIAGRAMS 


Fire Control Technicians, Gunner’s Mates, and Torpedo- 
men often have to read both flow diagrams and mechanical 
schematic diagrams with symbols. First let’s look at the 
simpler form such as the flow diagram shown in figure 10-1. 
This diagram uses sketches of the actual components instead 
of the symbols we will study later. It is possible and better 
to use this type of diagram when the gear being studied is 
not too complicated, when there are not too many components 
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Figure 10-1.—Flow diagram of cross-level control system. 
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(individual pieces of gear) to be shown, and when it is thought 
the reader will understand simple pictures better than he 
will symbols. 

Starting at the top of figure 10-1, see the slewing sight. 
It actually looks like a slewing sight aboard ship, even to the 
line of sight you see projecting from one of the lenses. Below 
the slewing sight you see bevel gears which transmit rotation 
from one shaft ‘around the corner” to a shaft with the two 
worm gears which mesh with the quadrants on the pointer’s 
telescope and the trainer’s telescope. Similarly you can 
follow the shafts down the flow diagram through bevel gears 
to the rangefinder worm and quadrant and to the point 
where you see bevel gears on a shaft labeled Zd To Elevation 
System. You can understand everything so far simply by 
following the pictures. Now when you get to the Cross-level 
Motor, you will notice broken lines at one end and solid 
lines at the other. The broken lines indicate that ELECTRI- 
CAL energy is transmitted to the motor from the generator 
and is transformed into MECHANICAL energy by the motor 
to turn the shafts represented by solid lines. Knowing this, 
you can follow through the rest of this flow diagram on your 
own. One further point is the fact that the solid line around 
the Synchro Control Transformers and their included shafting 
and electrical cables is there to identify the area of this dia- 
gram which represents (as it is labeled) the Cross-level 
Receiver-Regulator. 


MECHANICAL SCHEMATIC DIAGRAMS 


You will have to read mechanical schematic diagrams more 
often than you will the simpler flow diagrams like the one 
shown in figure 10-1. The purpose of mechanical schematics 
is to show how certain standard mechanical units are “hooked 
together” or mechanically interconnected. Thus, the lines on 
this type of drawing, as shown in figure 10-2, indicate shafts 
running from one piece of gear to another. The lines are 
labeled cR, Xt, and so forth and an FT must and will know 
what the labels mean. You see several circles with an X in 
the center. Each of these is a DIFFERENTIAL GEAR and has 
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two input shafts and one output shaft. See the arrowheads 
which tell you which are which. The arrowhead will point in 
the direction of the flow of mechanical energy through the 
unit. The two identical pieces of gear at the left, and the one 
in the upper right-hand corner, are INTEGRATORS. On the 
top side of each you see a long roller. On the bottom are a 
small and a large gear. When you see this combination used 
in a mechanical schematic you know you are looking at an 
integrator. 

Likewise, when you see a symbol like that one at the left 
side of the figure, between the two integrators, you are look- 
ing at the symbol for a computing cam. Immediately to the 
right you see a component solver; then a time motor is so 
labeled. Another component solver, and a range counter 
which is labeled are other easily recognized components. 
Other differential gears, diagramed as a circle with an X in 
the center as explained previously, appear in figure 10-2. 
In the lower right-hand corner you see, labeled, the TARGET 
DIAL and the own sHiP DIAL. Also shown are four smaller 
dials extending to the left across the diagram, each labeled 
by symbols as to its function. Lastly, across the hottom of 
the diagram are six cranks. Three of them are labeled and 
all six of them show you what the symbol for a crank looks 
like, complete with handle or knob. A Fire Control Tech- 
nician, or anyone else concerned with mechanical schematics, 
will encounter many diagrams similar to this one in studying 
about the equipment he will operate, service and maintain. 
In conjunction with the electrical circuit “prints,” these are 
the blueprints of his job. He must simply learn the symbols 
for the various kinds of inputs and outputs, and for the 
various kinds of components of his equipment—and then 
‘follow the prints” to learn what his job is and how to do it. 


PIPING SYSTEMS 


If you played basketball or football in school, you used 
schematic diagrams. The coach drew the diagrams. He 
showed the location of the players’ positions by small 
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Figure 10-3.—Open feedwater system for boilers. 


circles and their movements by lines and arrows. The 
draftsman uses similar diagrams to show the ship’s fresh 
water system, lubrication systems, fuel oil systems, re- 
frigeration system, and drainage systems. 

The secret of using these schematic diagrams is knowing 
and recognizing the symbols. Most of these symbols are 
standardized. If any unusual symbols are found on the 
diagram, you'll find an explanation in the legend, which is 
an explanatory reference table or block. 
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DIAGRAMS 


Study the diagrams, figures 10-3, 10-4, 10-5, and 10-6. 
Don’t be disappointed if the lines in the diagram don’t 
look exactly like pipes. If they did, it would be a mechani- 
cal drawing and not a diagram. The diagram will clearly 
indicate the locations of valves, vents, gages, tanks, pumps, 
etc. It will show the direction of flow of the liquid or steam 
in the pipes and tell what kind of substance it is. 

Immediately following these diagrams is a table containing 
some of the more common symbols used in diagrams of 
military equipment. Refer to them while studying the 
diagrams. 
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Figure 10—4.—Typical forced lubrication system found on naval vessels. 
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MECHANICAL SYMBOLS FOR GENERAL USE 


The following pages show many symbols for general use. 
Most of them are piping symbols, but there are also mechan- 
ical and power symbols as well as aeronautical symbols. 

The use of symbols is the only way in which it is possible 
to include in a drawing the great mass of complex piping, 
wiring, and mechanisms that make up the many different 
kinds of gear used by the Navy. A schematic drawing does 
a special job in “picturing’”’ an equipment, or part of one, 
but as a general rule you will work from drawings with 
symbols, 





‘BILGE SEA CHEST i 
VBO.C. VALVE BLOWOUT CONNECTION HM. HYDRAULIG VALVE A- FORWARD 
EDUCTOR 


Figure 10-5.—Detailed sketch of drainage and flooding system. 
North Carolina class battleships. 
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LIQUID LINE 

A__ SEA CHESTS TOR 
SYMBOLS 

\ai REFRIGERANT LINE = WBV. WATER BOX VENT ba «STOP VALVE 
\UX.. REFRIGERANT LINE WB. WATER BOX ORAIN = REDUCING VALVE 
VATER LINE RV PURGE VALVE fae RELIEF VALVE 
JOMPRESSOR DM DRAIN VALVE 1) STRAINER: 
JONDENSER O- Gace e— THERMOMETER 
tECEIVER @R_OREGULATING VALVE = «> _sWATER FAILURE SWITCH 
WATER PUMP GRY. OWL FILLING VALYE © © HIGH PRESSURE SwITCH 
WUCTION SCALE TRAP © SUCTION PRESSURE SWITCH 


Figure 10-6.—Diagram of ship refrigeration system. 


These symbols are standardized so that the same ones 
are used wherever Navy drawings are made. The stand- 
ard symbols shown here are from MIL-STD-17, 6 July 50, 
which is currently the latest and most up-to-date informa- 
tion. From time to time new Military Standards are issued, 
and new symbols can be expected, but once a symbol has 
been in use over a period of years, chances are that it will be 
retained. 

You can’t possibly sit down and memorize all the symbols, 
and that isn’t necessary. Continued use will familiarize 
you with those you need to know with little or no extra 
effort on- your part. You “use” symbols when you read a 
drawing as well as when you make one. 
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QUIZ 


. What does a flow diagram usually use in place of symbols? 

. Under what three conditions is it better to use a flow diagram? 
. What type of gears will transmit rotation ‘‘around a corner?” 
. What kind of energy is represented by: 


a. Solid lines. 
b. Broken lines. 


. What is the purpose of mechanical schematic diagrams? 
. Do the lines indicating mechanical connections ordinarily repre- 


sent the actual position of the shafting? 


. In drawing pipe lines on a piping system diagram, why do you 


use an arrow instead of a plain line as in mechanical schematics? 


. In addition to symbols for identifying components in a piping 


diagram, how else are components identified? 


. What purpose does a legend serve? 

. Where do you refer for standard mechanical and piping symbols? 
. What two savings are made by using symbols in a diagram? 

. How do you learn to identify the various symbols? 

. In designating the relative importance of piping systems by the 


use of proper symbols, how would you designate the following: 
. Principal system. 

. Second system in importance. 

. Third system in importance. 

. Fourth system in importance. 

e. Fifth system in importance. 

f. Invisible lines (adequately labeled as to system). 


eee 


r-% 


. Draw the symbols for the following common pipelines: 


a. Acetylene. 
b. Compressed air. 

c. Fuel supply (except gasoline). 
d. Gasoline. 

e. Oxygen. 

f. Water, fresh. 

g. Water, salt. 

h. Water, hot. 

i. Water, cold. 

j. Carbon dioxide system. 

k. Fire line. 

1. Foam solution. 
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CHAPTER 


WELDING SYMBOLS 


WELD SYMBOL AND WELDING SYMBOL DEFINED 


This chapter is only an introduction to the standard 
welding symbols which appear on modern blueprints. No 
attempt is made to define or explain even the few welding 
terms used in relation to these symbols. It is assumed that 
you have learned or will learn the meanings of the various 
welding names and processes, such as braze, resistance, flash, 
thermit, fillet, and so on, in the course of your welding work 
or in other texts. 

In the Military Standards for welding terminology (and 
probably in most civilian usage as well) a distinction is made 
between the terms WELD SYMBOL and WELDING SYMBOL. 














PLUG GROOVE 
aps TeTiy 
Figure 11-1.—Basic arc and gas weld symbols. 


The wELp sYMBOL is a graphic (written) or picture symbol 
used to indicate the desired type of weld. Figures 11-1, 
11-2, and 11-3 illustrate the basic weld symbols. Note that 
these weld symbols to a great extent resemble in shape the 
types of welds which they represent. Brazing, forge, 
thermit, induction, and flow welding are indicated by using 
@ process or specification reference in the tail of the welding 
symbol. 
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TYPE OF WELD 





Figure 11-2.—Basic resistance weld symbols. 


‘The WELDING syMBOL, on the other hand, is the assembled 
symbol, consisting of some or all of the following elements: 
Reference line, Arrow, Basic weld symbols, Dimensions and 
other data, Supplementary symbols, Finish symbols, Tail, 
Specification, process, or other reference. 





Figure 11-3.—Supplementary symbols. 





These elements and their standard locations with respect 
to each other are illustrated in figure 11-4. Then, after two 
pages of general information about reading welding symbols, 
most of the remaining part of the chapter consists of text 
covering specific types of welds and illustrations showing 
sample welds with their symbols as they would appear on # 
blueprint. 


HOW TO READ WELDING SYMBOLS 


The following information is based on Joint Army-Navy 
or Military Standards for welding symbols. Reference to 
the latest JAN or MIL Standards should occasionally be 
made, as the Standards are subject to change from time to 
time. A careful study of the following rules and illustra- 
tions, plus a little thought as to their interpretation and 
possible variations, should enable you to meet almost any 
welding blueprint with confidence. 
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GENERAL 


1, Welds on the arrow side of the joint are shown by placing the 
weld sysmbol on the side of the reference line toward the reader, as 
follows: 


BGS 3. SI RS 


2. Welds on the other side of the joint are shown by placing the 
weld symbol on the side of the reference line away from the reader, as 
follows: 


pe ou ee” 


3. Welds on both sides of the joint are shown by placing weld 
symbols on both sides of the line, as follows: 


x KY 


4. Spot, seam, flash, and upset symbols are centered on the reference 
line, as follows: 


KY pee 


5. A specification, process, or other reference is placed on the tail, 
as follows (if no reference is required, the tail is omitted): 


6. General notes or specifications may be placed on the drawing, so 
that it will not be necessary to repeat references at the various symbols, 
as: “Unless otherwise indicated, all fillet welds are 5(.-inch size.” 


12 wae 


7. Welds extending completely around a joint are indicated by the 
weld-all-around symbol, as follows: 


rv 


8. Field welds, that is, those made not at the place of original con- 
struction but later “in the field,” are indicated by the field weld 
symbol, as follows: 


Sa 


9. Spot and seam weld symbols may be placed directly on drawings 
at the locations of the desired welds, as follows: 





But all other weld symbols are shown only on the welding symbo! 
reference line and never on the lines of the drawing. 


10. Fillet, bevel, and J-groove symbols are shown with the per- 
pendicular leg always to the left, as follows: 


11. Information on welding symbols is read from left to right along 
the reference line, as follows: 


90° < 
iy oe” \ 
i 
“Me —to0 


12. When joints have more than one weld, a symbol is shown for 
each weld, as follows: 


SRL 


13. When the basic weld symbols are inadequate to show all that 
is needed, the weld is shown by a cross section, detail, or other data with 
a reference thereto on the welding symbol, as follows: 


FILLET WELDS 


1. The size of a fillet is shown to the left of the weld symbol. If the 
fillet has unequal legs, the sizes are shown in parentheses to the left of 
the symbol. (See figure 11-8.) 

2. The length of a fillet is shown to the right of the weld symbol. 
If the weld extends the full length of a piece, no length dimension may 
be shown. (See figure 11-9, 11-10.) 

3. Hatching may be used to show the extent of fillet welding: 


we 


Lett. 


4. The pitch or center-to-center spacing of intermittent fillet welding 
is shown to the right of the length dimension: 


Ne-sA 


3-7 


5. Chain intermittent fillet welding is shown as follows: 


167 


6. Staggered intermittent fillet welding is shown as follows: 


i 7 3-5 


7. Flat-faced welds are shown by adding the flush-contour symbo 
to the weld symbol: 


wr 7 


8. Welds that are to be made flat-faced or to be finished to a convex 
contour by mechanical means are shown by adding both the flush- 
contour symbol or the convex-contour symbol and the user's standard 
finish symbol to the weld symbol. G indicates grinding; M, machining; 
and C, chipping. 


COMBINED INTERMITTENT AND CONTINUOUS WELDS 


DESIRED WELD SYMBOL 
Figure 11-5.—Size of single-fillet weld. 


DESIRED WELD SYMBOL 
Figure 11-6.—Size of equal double-fillet weld. 
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OESIRED WELD SYMBOL 
Figure 11-7.—Size of unequal double-fillet weld. 


+ 





+ DRAWING 
DESIRED WELD SYMBOL 


Figure 11-8.—Size of fillet weld having unequal legs. 


Tt l- 


DESIRED WELD SYMBOL 
Figure 11-9.—Continuows fillet weld. 


DESIRED WELD SYMBOL 
Figure 11-10.—Lensth of fillet weld. 
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LOCATE WELDS AT ENDS OF JOINT 


N2¢ OF WELOS 
DESIRED WELDS : SYMBOL 


Figure 11-11.—Length and pitch of increments of staggered intermittent 
welding. 








SYMBOLS 
Figure 11-12.—Combined intermittent and continuous welding. 
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GROOVE WELDS 
1. The size of groove welds is shown to the left of the weld symbol: 


2. The depth of grooving and the root penetration are read in that 
order, from left to right along the reference line (separated by a plus 
sign) : 


al- 
+ 
ri-lel- 


3. Root openings follow the user’s standard unless otherwise indi- 
cated. When not the user’s standard, the dimension of the root 
opening is shown inside the weld symbol: 


4. The groove angles are user’s standard unless otherwise indicated. 
When not the user’s standard, the groove weld is shown as follows: 


ae eee te 


5. Groove radii and root faces of U- and J-groove welds are the user’s 
standard unless otherwise indicated. If not the user’s standard, the 
weld is shown by a reference, as follows: 


278 NOTE 18 


“SEC. A-A, : NOTE 19 
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Peay, 
13 
Le 


OESIREO WELD svymaou 
Figure 11-13.—Welds with no specified root penetration. 


G k f ¥tiN 


DESIRED WEL symeo. 


Figure 11-14.—Welds with specified root penetration. 


wore 7 






jOOT PEMETRATION 


DESIRED WELD svMeoL 


Figure 11-15.—Designation of size of groove welds with specified root 
penetration. 





ot ab 


MOTE OVERLAP o+ 


DESIRED WELDS SYMBOL 
Figure 11-16.—Combined welds with specified root penetration. 
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am cfs 


DESIRED WELD svmpou 


Figure 11-17.—Designation of root opening of groove welds. 


a 


DESIRED WELD 


Figure 11-18.—Groove angle or groove welds. 
Fiush anp ConTouR 


6. Flat-weld groove welds are shown by adding the flush-contour 
tymbol to the weld symbol: 


7, If the, groove weld is to be made flush not only by flat welding 


but by mechanical means, the user’s standard finish symbol is added 
tothe weld symbol: 


8. If a groove weld is to be mechanically finished to a convex con- 
tour, both the convex-contour symbol and the user’s standard finish 
‘ymbol is added to the weld symbol: 
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FINISHED TO SMOOTH CONVEX 
CONTOUR BY GRINDING 


eof 
CK 


DESIRED WELD SYMBOL 


WELO DEPOSITED FLUSH 
WITH BASE METAL 





DESIRED WELD SYMBOL 
Figure 11-19.—Use of contour symbols with groove welding symbols. 


BEAD WELDS (or BACK or BACKING WELDS) 


1, The single bead weld symbol is used to indicate bead-type back of 
backing welds of single-groove welds. (See figure 11-20.) The dual 
bead weld symbol indicates surfaces built up by welding. (See 
figure 11-22.) 

2. Bead welds used as backing welds are shown by placing a single 
bead weld symbol on the side of the reference line opposite the groove 
weld symbol: 


Ne AK 


3. No dimensions are shown on the welding symbol for bead welds 
used as back or backing welds. If such dimensions are to be specified, 
they are so stated on the drawing. 

4. The dual bead weld symbol is used to indicate surfaces that are 
to be built up by welding: 


Sse te 


5. Since the dual bead symbol does not indicate a joint, it has no 
arrow- or other-side significance. The symbol is drawn on the side of 
the reference line toward the reader, and the arrow points directly to 
the surface on which the weld is to be deposited. (See figure 11-22.) 

6. Dimensions used with the dual bead symbol are shown on the 
same side as the weld symbol. The size of the surface to be built up 
is indicated by showing the minimum height of the weld deposit to the 
left of the weld symbol, as follows (when no specific height is desired, 
no size dimension need be shown): 


Gr 


7. When backing welds are to be welded approximately flush, the 
flush-contour symbol is added to the bead weld symbol: 


8. When bead welds or backing welds are to be made flush or 
finished to a convex contour by mechanical means, both the flush- 


contour symbol or the convex-contour symbol and the user's standard 
finish symbol are added to the bead weld symbol, thus: 


Sen ae 


GROOVE WELD MADE BEFORE 
WELDING OTHER SIDE 


my, 


BACK WELD 
DESIREO WELD SYMBOL 





Figure 11-20.—Use of bead weld symbol to indicate single-pass back weld. 
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DESIRED WELDS SYMBOL 
Figure 11-21.—Bead, single-J-groove and fillet weld symbols. 


Sao 


ft 2>r——_3 2} 





DESIREO WELO SYMBOL 
Figure 11-22.—Portion of surface built up by welding. 


PLUG WELDS 


1, The plug weld symbol is never used to designate fillet welds in 
holes. Fillet welds in holes and slots are shown by means of the fillet 
welding symbols. 

2. If the hole to be plug welded is on the arrow side, the weld symbol 
is placed on the side of the reference line toward the reader, as shown 
in figure 11-23. 

3. If the hole is in the other-side member of a joint, the weld symbol 
is placed on the reference line away from the reader, as shown in 
figure 11-24. 

4, The size of a plug weld is shown to the left of the weld symbol, 


as follows: 
sy 
[i 
5. The included angle of countersink of the plug weld is the user's 


standard unless otherwise indicated. If not that of the user, the 
included angle is shown as follows: 


ZS = 
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SECTION OR 
END view ELEVATION 


Figure 11-23.—Use of arrow-side plug welding symbol. 


DESIRED WELO 





DESIRED WELD py te ELEVATION 


Figure 11-24.—Use of other-side plug welding symbol. 





SECTION OF 7 
OESIRED WELD Sy REOt 


Figure 11-25.—Size of plug weld. 
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6. The depth of filling of a plug weld is complete unless otherwi 
indicated. If the filling is to be less than complete, the depth 
filling, in inches, is shown inside the weld symbol, as follows: 


oe 


7. The pitch, that is, the center-to-center spacing, of plug welds 


shown to the right of the weld symbol: 
otee ey. 
4 


8. The flush-contour symbol is added to the weld symbol when 
plug weld is to be welded approximately flush without using an 
method of machining, as follows: 


\ os 


9. If a plug weld is to be made flush by mechanical means, both thi 
flush-contour symbol and the user’s standard finish symbol are addec 
to the weld symbol, as follows: 


‘oS 
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SECTION OF SYMBOL 
DESIRED WELD 


Figure 11-26.—included angle of countersink of plug welds. 


SECTION OF =r; 
DESIRED WELD eemeey 


Figure 11-27.—Depth of filling of plug welds. 





OESIREO WELOS SYMBOL 


Figure 11-28.—Pitch of plug welds. 





DESIRED WELOS ana SYMBOL 


Figure 11—29.—Plug welding symbol showing use of combined dimensions. 
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SLOT WELDS 


1. The weld symbol for a slot weld is the same as that for a plug 
weld. (Its meaning is clearly shown by the slot hole on the drawing.) 
But the length, width, spacing, included angle of countersink, orienta- 
tion, and location of slot welds cannot be shown on the welding symbol. 
These data are shown on the drawing or by a detail, with a reference 


on the welding symbol, as follows: 
\DWG 3 AN Z 
o ZN \ 





2. The depth of the filling, however, may be indicated. If the slot 
is completely filled, no notation is made. When the depth of filling is 
less than complete, the depth of filling in inches is shown inside the 
weld symbol, as follows: 


Nr 


3. Slots in the arrow-side member of a joint for slot welding are in- 
dicated by placing the weld symbol on the side of the reference line 
toward the reader. (See figure 11-30.) 


4. Slots in the other-side member of a joint for slot welding are indi- 
cated by placing the weld symbol on the side of the reference line away 
from the reader. (See figure 11-31.) 


5. The slot weld symbol is never used to designate fillet welds in 
slots. 
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ss» ORIENTATION 


MUST BE 3 
| SHOWN ON 
DRAWING 
a 
ie a-a 
DESIRED WELD ELEVATION 
Figure 11-30.—Use of arrow-side slot welding symbol. 











ORIENTATION 
MUST BE * 
SHOWN ON 

DRAWING 


ama 


DESIRED WELD 


ELEVATION 
Figure 11~31,—Use of other-side slot welding symbol. 





ORIENTATION AS 
SHOWN ON DRAWING 





DE Tait "a" 
Figure 11-32.—Completely filled slot welds. 
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SPOT WELDS 


1. Spot weld symbols haye no arrow- or other-side significance in 
themselves. Other symbols used along with spot symbols may have 
such significance. Spot weld symbols are centered on the reference 
line. The dimensions may be shown on either side of the reference 
line. 

2. Spot welds are dimensioned either by size or strength. The size 
is designated as the diameter of the weld expressed decimally in hun- 
dredths of an inch and is shown with inch marks to the left of the weld 
symbol, as follows: 
5" 

30 


; 


3. The strength of spot welds is designated as the minimum accept- 
able shear strength in pounds per spot and is shown to the left of the 
weld symbol, as follows: 


800 
700 


4. The pitch (center-to-center spacing) of spot welds is shown to the 
right of the weld symbol, shown below. (When spot weld symbols are 
shown directly on the drawing, the spacing is shown by dimensions, as 
in figure 11-37.) 


} 


5. When a definite number of spot welds is desired, the number is 
shown in parentheses, above or below the symbol, as follows: 


(4) 


t 
; 


(3) 


6. When the exposed surface of one member of a spot-welded joint 
is to be flush, that surface is indicated by adding the flush-contour 
symbol to the weld symbol, observing the proper location significance 
as follows: 


f 
t 
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susines WELD SYMBOL 


Figure 11-33.—Diameter of spot welds. 
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DESIRED WELD SYMBOL 


Figure 11-34.—Shear strength of spot welds. 
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DESIRED WELDS SYMBOL 
Figure 11-35.—Pitch of spot welds shown on symbol. 
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' ’ 
SYMBOLS 
Figure 11-36.—Pitch of spot welds with symbols on drawing. 





SYMBOL 
Figure 11-37.—Spot welding symbol showing use of combined dimensioi 
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SEAM WELDS 


1. Seam weld symbols have no arrow- or other-side significance in 
themselves. Other symbols used with them may have such signifi- 
cance. Seam weld symbols are centered on the reference line. Their 
dimensions may be shown on either side of the reference line. 

2. Seam welds are dimensioned either by size or by strength. The 
size of the weld is designated as the width of the weld expressed deci- 
mally in hundredths of an inch and is shown with inch marks to the 
left of the weld symbol: 


30" 


t 


3. The strength of seam welds is designated as the minimum accept- 
able shear strength in pounds per linear inch and is shown to the left 
of the weld symbol: 


3000 


; 
f 


4. The length of a seam weld, when indicated, is shown to the right 
of the weld symbol: 


5 
{ 


5. The pitch (center-to-center spacing) of intermittent seam weld- 
ing is shown as the distance between centers of the welds and is placed 
to the right of the length dimension. 


3 


6. When the exposed surface of one member of a seam-welded joint 
is to be flush, that surface is indicated by adding the flush-contour 
symbol to the weld symbol, observing the proper location, as follows: 


PRR 





5 
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SYmMBOu 
OESIREO WELD 


Figure 11-38.—Length and pitch of intermittent seam welds. 
MIN, ACCEPTABLE 


SHEAR STRENGTH 
2000 LBS/ LIN. IN. 
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SYMBOL 
DESIRED WELO 


Figure 11-39.—Strength of seam welds. 





DESIRED WELO SYwBou 


Figure 11-40.—Extent of seam welds. 


R. 
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PROJECTION WELDS 


1. When the embossment is on the arrow-side of the joint, the weld 
symbol is placed on the side of the line toward the reader. When it 
is on the other side, the symbol appears on the side of the reference 
line away from the reader. The proportions of the projections are 
shown by a detail or other suitable means. 

2. Projection welds are dimensioned either by size or by strength. 
The size is designated as the diameter of the weld expressed decimally 
in hundredths of an inch and is shown with inch marks to the left of 
the symbol: 


sae 2s 


3. The strength of projection welds is designated as the minimum 
acceptable shear strength in pounds per weld and is shown to the left 
of the symbol: 


FOX, 


4. The pitch (center-to-center spacing) of projection welds is shown 


to the right of the weld symbol: 
sa Pe 
4 


5. When a definite number of welds is desired, the number is shown 
in parentheses: 
(3) 


(4) 


6. When the exposed surface of one member of & projection-welded 
joint is to be flush, that surface is indicated by adding the flush-con- 
tour symbol to the weld symbol, in accordance with the usual location 
significance. 


xX 


200 


— ay” 
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DESIRED WELOS SYMBOL 
Figure 11-41.—Diameter of projection welds. 
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ACCEPTABLE SHEAR 700 
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SYMBOL 


OESIRED WELD 


Figure 11-42.—Shear strength of projection welds. 
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A—A c SYMBOL 
DESIRED WELD 


Figure 11-43.—Pitch of projection welds. 


FLASH AND UPSET WELDS 


1. Flash and upset weld symbols have no arrow- or other-side sig- 


nificance in themselves. Other symbols used along with them may 
have such significance. 


2. Flash or upset weld symbols are centered on the reference line. 


3. No dimensions for flash and upset welds are shown on the welding 
symbol. 


4. Flash and upset welds that are to be made flush by mechanical 
means are shown by adding both the flush-contour symbol and the 
user’s standard finish symbol to the weld symbol, keeping the usual 
location significance, as follows: 


5. Flash and upset welds that are to be mechanically finished to a 
convex contour add both the convex-contour symbol and the user’s 
standard finish symbol to the weld symbol. The usual location sig- 
nificance is observed as follows: 


PROCESS REFERENCE MUS 


Nee PLACEO ON SYMBOL — 
s 
T 


T 


DESIRED WELD DESIRED WELO SECTION PLAN VIEW 
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emo view ELEVATION 


Figure 11-44.—Flash or upset welding symbol—no arrow- or other-side 
significance. 


PROCESS 
REFERENCE MUST 


@E PLACED ON 
MACHINED FLUSH Wie 


FLASH WELOLO 





q 





UPSET WELOEO AFTER FINISHING 


DESIRED WELD syMeon 


Figure 11-45.—Flash and upset welds finished flush. 
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DESIRED WELD ‘SYMBOL 


Figure 11-46.—Flash and upset welds finished to smooth contour. 
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DESIRED WELD SYMBOL 
DESIRED WELO SYMBOL 
DESIRED WELD SYMBOL 


Figure 11-47.—Use of the weld-all-around symbol. 


ww 


DESIRED WELD SYMBOL 


Figure 11-48.—Designoting a weld with abrupt changes of direction. 





Figure 11-49.—Use of welding 
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QUIZ 


1. Which contains more information, the weld symbol or the welding 
symbol? 

2. Since there are no weld symbols for brazing, forge, thermit, induc- 
tion, and flow welding, what is used? 

3. If the weld is to be on the side of the joint toward the arrow, where 

should the weld symbol be placed? 

. What is there about weld symbols that helps you to read them? 

5. List as many as you can of the nine elements that may be found 
making up the welding symbol. 

6. How can you learn to read weld and welding symbols? 

7. Name the type of arc or gas weld represented by the following basic 
symbols: 


STS 
b c d f g h 


a e 


~ 


8. Name the type of resistance weld represented by the following basic 
symbols: 


9. Name the following supplementary symbols used in connection 
with weld symbols: 
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CHAPTER 


ARCHITECTURAL AND STRUCTURAL 
DRAWINGS 


ARCHITECTURAL WORKING DRAWINGS 


Architectural drawings consist of preliminary studies, 
presentation drawings, and working drawings. In this book 
we consider only in brief some of the common aspects of 
working drawings. As a Navy man you won’t be concerned 
with the design and sale of buildings; but as a technician 
using blueprints you may have cause to interpret and apply 
certain architectural conventions and symbols. 

Working drawings include PLANS, ELEVATIONS, SECTIONS, 
DETAIL DRAWINGS, &Nd SPECIAL FEATURES. 

Pians.—The site PLAN gives the salient features of a 
building site, the property line, contours, utilities (water, 
gas, sewer, electricity), location of trees, and other features. 
A FLOOR PLAN is @ horizontal section which not only shows 
the floor but cuts across the walls in such a way as to show 
the doors, windows, partition walls, beams, outlets, and 
many similar installations. It might be said that a floor plan 
shows everything between one floor and the next one. 

E.evations.—An elevation shows the front, side or rear 
view of a structure. It is a vertical projection and gives the 
floor heights, openings, and the exterior features of the 
building. 

Srections.—Sections are interior views, used to show 
interior construction and architectural treatment. 

Dera prawines.—Detail drawings are, as the name 
implies, larger-scale drawings illustrating the detailed con- 
struction of the various parts of a structure. 


tes 


SPECIAL FEATURES.—Many parts used in building con- 
struction are manufactured as unit pieces by specialized 
firms. For example, ventilating fans, stock stairs, and rail- 
ings come in certain sizes and designs. When these are used 
in a building, the architect draws his plans to allow for the 
stock sizes and designs. Then the blueprints provided by the 
manufacturer are used in connection with such special 
equipment. 


ARCHITECTURAL SYMBOLS 


For the most part, the same electrical, mechanical, and 
piping symbols described or referenced in the earlier chapters 
of this book are used in architectural prints. Here some of 
the specific architectural symbols agreed on for combined 
military use are shown; and at the end of this chapter some 
of the materials symbols, also approved for use by the 
Armed Forces, are illustrated. 


STRUCTURAL DRAWINGS 


Structural drawings usually consist of some or all of the 
following elements: 

GeENERAL PLAN.—The general plan locates and gives the 
general features of the structure and the ground upon 
which it is situated. It includes the necessary data for 
designing the substructure and superstructure. 

Stress pIAGRAM.—The stress diagram shows the main 
dimensions, the loadings, stresses, and sizes of the mem- 
bers of the structure. 

Sop pvrawina.—A shop or detail drawing shows the 
details of the steel-and-iron work and of the timber, masonry, 
and concrete work. 

FounDATION OR MASONRY PLAN.—The foundation or 
masonry plan covers the detail of the foundations, walls, 
piers, etc. 

EReEcTION DIAGRAM.—The erection diagram identifies 
and locates the various members in such a way as to help 
the erector in the field. For example, the approximate 
weight of the heavy pieces, the shipping marks, the number 
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of pieces, and any other helpful data will be supplied on the 
erection diagram. 

Fa.sework PLAN.—For difficult or important work, plans 
for falsework, travelers, derricks, etc., may be worked out 
and supplied in advance. 

Bits oF MATERIAL.—Bills of material show the different 
parts of the structure, markings, and shipping weight. 
These bills serve as check-off lists to insure that the proper 
materials are on hand. 

River .ist.—The rivet list provides the dimensions and 
the number of the rivets, spikes, etc., used in the structure. 

List OF DRAWINGS.—Since so many drawings are required 
for any sort of sizable structure, a complete list is usually 
supplied within each set of drawings for the structure. This 
indexes the set and provides the number and title of each 
drawing in a logical sequence. 

The remainder of the chapter includes illustrations of 
symbols used in specific types of construction. 
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MATERIAL SYMBOLS 
(See chapter 3, figure 3-10, for the simplified section conventions which are preferred wherever practicable.) 


oe 
BSSSobry 





MATERIAL SYMBOLS (Continued) 


magnets and resistances, etc. 
ps 


Electrical windings, electrical 
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QUIZ 


1. Into what three classifications may “architectural drawings” be 

placed? 

2. Into what five categories or types of drawings are working draw- 
ings further divided? 

. What do the plans include? 

. What does an elevation include? 

What does a section show? 

. What are detail drawings? 

What are special features? 

. Structural drawings usually consist of some or all of the following 
elements with which you should be familiar. Describe each 
briefly. 

a. General plan. 
b. Stress diagram. 
c. Shop drawing. 

d. Foundation or masonry plan. 

e. Erection diagram. 

if 

& 

h 


ONAAS w 





Falsework plan. 
. Bills of material. 
. Rivet list. 
i. List of drawings. 
To answer the following questions, refer to the working drawing for 
a wooden garage appearing at the end of Chapter 12. 
9. What is the outside width of the garage measured on the founda- 
tion? 
10. What does the letter “A” in the circle mean beside the 19’—0’’ 
dimension which is also circled? 
11. What is the outside length of the garage measured on the founda- 
tion? 
12. What are the inside dimensions of the garage measured on the 
floor and within the concrete wall? 
13. How thick is the floor? 
14. How deep does the concrete wall go down in the ground? 
15. What size are the studs and by what are they supported? 
16. On what do the rafters rest? 
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18. 


19. 
20. 
21. 


22. 
23. 


. What provision is indicated on the drawing for water drainage 


when a car is washed? 

What precaution is taken, in addition to the shingles, to waterproof 
the roof and walls? 

Where in the length of the walls are the windows located? 

What size lumber is used for the rafters? 

Where on the drawing do you see that the rafters are notched where 
they rest on the plate? 

What provision is made for water runoff from the roof? 


Is the concrete poured right on the ground when construction is 
begun? 


11, 
12, 
13. 
14, 


CENon 
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ANSWERS TO QUIZZES 
CHAPTER 1 
Making and Handling Blueprints 


Unit assembly. 


. Protect them from dampness, grease, and strong sunlight. 


Distance should never be measured on a blueprint because of 

three possible sources of error: 
Original inaccuracy of draftsman’s work, 
Stretching or shrinking during the blueprinting process. 
Stretching or shrinking due to changes in temperature and 
humidity. 

To expedite the locating of blueprints in the standard filing system 

the Navy uses for blueprints. 

Ammonia prints, or “ozalids” as they are usually called. 

Block off the light where they are. 

Negative. 

None. 

Turns exposed areas blue. 

Any number. 

White, dark, 

Dark, light, more copies are needed. 

From a negative photostat. 

The Ozalid process. 


CHAPTER 2 
Blueprint Views 


. The photograph is not accurate. It does not show true shape or 


size. 


. Location of parts and their relationship to other parts. 
. The lines of the isometric representing the horizontal and vertical 


lines of the object are true in length. 


. Mechanical perspectives are used to provide pictures of objects 


not yet constructed. 
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5. They are accurate. The lines of orthographic projection views 
indicate the true size and shape of the object drawn. 


6. An inclined or slant surface. 
Te 





a 8 c 


8. Foreshorten. 

9. Would. 

10. May. 

11, Orthographic drawings. 

12. Vertical. 

13. 30°. 

14. Perpendicular. 

15. Usually three. Two if a third view would not give any more 
information, and four if an auxiliary is used. 

16. Shape and size. 


CHAPTER 3 
Lines and Sections 


1, The names of the lines are: 
(A) Centerline. 
(B) Outline. 
(C) Dimension line. 
(D) Extension line. 
(E) Hidden line. 


2. 
WY, CULE 
Yj i | 
METALS AND EXPLOSIVES MASONRY INSULATING MATERIALS 
Sean ANO 
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14. 


15. 


16. 


re 


ND po 


. Revolved section. 


Leader. 


. The object’s shape at a certain cross section or station point. 
. A sectional view or section. 
. With diagonal, parallel lines (crosshatching) which are called 


section lines. 


. Cutting. 

. Offset in the cutting plane. 
10. 
Lt. 
12. 
13. 


All. 

Half. 

Yes. 

Outside diameter of the thread, number of threads per inch, thread 
series and class of thread or the ‘‘fit’’. 

By the addition of ‘__.LH”’ to the other four numbers or 
the drawing. For example, 4-20, NC-2LH. 

They are not indicated but assumed if a thread is not indicated as 
being a left-hand thread. 

Root diameter, pitch diameter, and outside diameter for each gear. 


CHAPTER 4 


Dimensions 


a, Because each dimension is measured from the preceding dimen- 
sion; each measurement is thus influenced by the errors in 
preceding measurements, and the total error will exceed the 
sum of the individual errors. On a part having many location 
dimensions, many individual errors may be made, and a serious 
total error may accumulate. 

b. By measuring each dimension in turn from the same reference 
edge (or line). 

c. The double error in the last dimension measured to which base- 
line dimensioning is always susceptible will fall in whichever 
dimension the draftsman leaves open. 

d. Floating dimension. 

a. Hole: 6.5046 inches. 

Shaft: 6.4913 inches. 

b. 0.0179 inch. (Maximum diameter hole 6.5046 inches minus 

minimum diameter shaft 6.4867 inches.) 


. One and only one. It’s your base point. 
. Tolerance. 
. Allowable minimum and maximum dimensions. 
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cane 


. Minus and plus limits. 
. A few rrillionths of an inch. 


To % of an inch. 


. Interference. 
. Clearance. 


CHAPTER 5 
Title Blocks, Numbers, and Bills of Material 


. For identification during assembly and to speed up replacement 


of broken parts. 


. a. That the blueprint represents a fuselage ring which would be 


located, on an airplane, 209% inches from zero station (nose or 
firewall). 

b. If a zone number for this part were shown in the title block, 
the desired view would be found in the general area marked 
by the corresponding zone number in a square along the lower 
border line of the blueprint. 


3. In the stock size column of the title block. 


10. 


. By a letter, in a small circle near some dimension or note, or in a 


separate change or revision block. 


. The size of the drawing compared with the size of the part. 
. The drawing will be only 1/12th the size of the work. 
. To enlarge small parts so their dimensions and shape can be easily 


noted and to decrease the size of large parts for convenience in 
handling and storing the prints. 


. You are measuring and repeating any errors in drafting, in stretch- 


ing or shrinkage of the paper, or in the reduction in size of the 
drawing to the size of the print. You are possibly missing the 
scale, are including errors due to daily changes in temperature 
and humidity affecting the paper, and taking a chance on making 
errors yourself when reading the rule while taking off the dimension, 


. A finish mark. 


Refer to the usage block on the print. 


CHAPTER 6 
Technical Sketching 


. As much as is necessary to serve the purpose for which it is made 
. Military Standards for General Drawing Practice (JAN-STD-1). 
. Perspective assembly. 


canon 


10. 
. It enables you to show someone else exactly what you want him 


12. 


13. 


oo kos 


15. 


Perspective detail. 
An orthographic assembly. 
An orthographic detail. 


. Assembly, detail. 
. Orthographic or perspective. 
. Only what you actually see from the viewing position you have 


selected. 
Select one that will show the object to its best advantage. 


to know or do. 


Speed of producing the finished sketch and the fact that a minimum 
of equipment is necessary. 


Pencil and paper. 


CHAPTER 7 


Curve or Bend Allowance 


. They are taken from the bend allowance table universally used in 


the aircraft industry. 


. It is equal to a quarter of the circumference of a circle whose radius 


is equal to the bend radius (the inside radius of the curve) plus 
half the thickness of the metal being bent. 


. The unbent surfaces of a curved corner. 

. Mold line. 

. By a point. 

. It is stretched along the outside of the curve and compressed along 


the inside. 


. At points along the bend half way between the inside and outside 


surfaces of the metal—the neutral axis. 


. Because it does not change in length when a bend is made in the 


sheet. 


. The actual length of the material to be used. 
10. 
11. 
12. 
13. 
14. 


The length or amount of material allowed for the bend. 

The bend allowance. 

To the inside of the metal being formed unless otherwise stated. 
B. A.=0.0607’’. 


a. Yes. 
b. B. A.=0.1837’". 
SB=0.050’’. 


16. 


11. 


SB='%,"’. 

Flat A=1'%’’. 

Flat E=1'%4"’. 

Flat C=4%2"". 

B. A.="h"’. 

Total length = 77342’. 


CHAPTER 8 
Templates 


. As a guide or pattern for making duplicate parts. 
. Because the accuracy of all the parts made from a template as 8 


pattern will depend upon the accuracy of the template. 

a. Make templates of sheet steel. 

b. Use scriber and dividers instead of pencil or pencil compass for 
all outlines except those not to be cut. 

ec. Check transferred dimensions, divider settings, and scribed 
lines with a magnifying glass. 


. The strain on metal caused by the intersection of two or more 


bends. 


. Make a new template from the blueprint. 
. A transfer punch. 
. It fits the punched locating hole in the template and when struck 


with a hammer, makes a center punch mark on the work beneath 
the template. 


. Shear. 
. Punch a hole or shear a small radius. 
10. 


To provide a “handle” for a small template and help to keep it 
from being mislaid. 


On the tab. 


CHAPTER 9 
Electrical and Electronic Prints 


. a. To prevent a print from being too large for effective use. 


b. To provide more legibility by not jamming the information too 
close together. 


. Elementary, isometric, wiring plans and schematics. 
. So that all naval blueprints, regardless of the developing activity. 


are easily understood by all users. 


. Lowest to highest, forward to aft, starboard to port. 
. A, B, C. 
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CaoOrINS 


. Vital, semivital and nonvital; 


Red, yellow and gray. 


. Forward switchboard feeders have odd numbers for identification; 


after switchboard feeders have even numbers for identification. 


. Increasing numbers of electrical equipment aboard ships made the 


1949 system cumbersome and ambiguous in identification data. 


. Elementary. 
10. 
ll. 


Schematic. 


Wiring deck plan. 
CHAPTER 10 


Mechanical and Piping Symbols 


Sketches of the actual components. 


. a. When the gear is not too complicated. 


b. When there are not too many components to be shown. 
c. When the reader will understand simple pictures better than 
he will symbols. 


. Bevel gears. 
. &, Mechanical energy. 


b. Electrical energy. 


. To show how standard mechanical units are mechanically inter- 


connected. 


. No, they do not. 

. To indicate direction of flow. 

” With labels on the diagram beside the component. 
. To identify symbols used in the diagram. 

. Mil-Std-17. 

1. 
12. 
13. 


Time and space on the diagram. 
By using them in making and reading diagrams. 


a. ————— 


f. —_-—— = 
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CHAPTER 11 
Welding Symbols 


The welding symbol. It contains the weld symbol and up to 
seven more elements of information. 

The tail of the welding symbol contains the necessary process 
or specification reference. 


. On the side of the reference line toward the reader. 


They resemble in shape to a great extent the types of welds which 
they represent. 

Reference line; arrow; basic weld symbols; dimensions and other 
data; supplementary symbols; finish symbol; tail; specifications, 
process, or other reference. 

By studying the rules and illustrations ar { checking yourself out 
by reading prints. 

Bead. 

. Fillet. 

. Plug or slot. 

|. Square groove. 

V-groove. 

Bevel groove. 

. U-groove. 

. J-groove. 

Spot. 

. Projection. 

Seam. 

. Flash or upset. 

Weld all around. 

. Field weld. 

. Flush-contour weld. 

. Convex-contour weld. 


eerrPasrree rR mrp an oce 


CHAPTER 12 
Architectural and Structural Drawings 


|. a. Preliminary studies. These are usually brief sketches to give 


a general idea of a structure. 

b. Presentation drawings. These are more complete and probably 
are mechanical drawings with major dimensions and general 
information. 

c. Working drawings. These are always mechanical drawings, 
have complete dimensions given, include specific information, 
and give all the information necessary for the construction of 
the structure. 
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. Plans, elevations, sections, detail drawings, and special features. 

. a. Site plans showing salient features of the building site, property, 
line, contours, utilities (water, gas, sewer, electricity), location 
of trees, and other features. 

b. Floor plan, a horizontal section which shows the door and cuts 
across the walls so as to show doors, windows, partition walls, 
beams, outlets, and similar installations. 

. Front, side, or rear view of a structure, giving floor heights, open- 
ings, and exterior features of the buildings. 

. An interior view of interior construction and architectural treat- 

ment. 

. Larger-scale drawings illustrating detailed construction of parts of 
a structure. 

. Commercial items such as fans, stock stairs, and so forth, that are 
available in certain sizes and designs. The manufacturer furnishes 
blueprints of his items from which plans are drawn to accommodate 
these items in the structure. 

. & GENERAL PLAN.—The general plan locates and gives the gen- 
eral features of the structure and the ground upon which it is 
situated. It includes the necessary data for designing the 
substructure and superstructure. 

b, Stress p1AGRAM.—The stress diagram shows the main dimen- 
sions, the loadings, stresses, and sizes of the members of the 
structure. 

ce. SHOP pRAw1ING.—A shop or detail drawing shows the details of 
the steel-and-iron work and of the timber, masonry, and con- 
crete work. 

d. FoUNDATION OR MASONRY PLAN.—The foundation or masonry 
plan covers the detail of the foundations, walls, piers, etc. 

e. ERECTION DIAGRAM.—The erection diagram identifies and lo- 
cates the various members in such a way as to help the erector 
in the field. For example, the approximate weight of the heavy 
pieces, the shipping marks, the number of pieces, and any other 
helpful data will be supplied on the erection diagram. 

f. Fatsework pLAN.—For difficult or important work, plans for 
falsework, travelers, derricks, etc., may be worked out and 
supplied in advance. - 

g. BrLts oF MATERIAL.—Bills of material show the different parts 
of the structure, markings, and shipping weight. These bills 
serve as check-off lists to insure that the proper materials are 
on hand. 

h. Rivet uist.—The rivet list provides the dimensions and the 
number of the rivets, spikes, etc., used in the structure. 
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11, 
12. 
13. 
14, 
15. 
16. 
17, 
18, 


19, 
. Two by sixes. 
21. 
22, 
23. 


i. List oF DRAWINGS.—Since so many drawings are required for 
any sort of sizable structure, it is customary to include with 
each set a List of Drawings. This list, included as one of the 
first pages in the set, will identify each drawing by name so that 
it can be quickly located in the set. 


. 12 feet 0 inches. 
10. 


The “A” indicates that the drawing has been revised. The old 
dimension is circled and superseded by the dimension at the 
circled letter “‘A”’. 

19 feet 2 inches. 

11 feet 0 inches by 18 feet 2 inches. 

3 inches. 

4 feet 0 inches. 

2x 4 studs on a 4x 4 sill. 

On a double 2 x 4 plate. 

The 3-inch concrete floor is pitched toward the door. 

They are covered with building paper before the shingles are ap- 
plied. 

In the middle. 


In the cornice section. 

Wooden gutters are installed. 

No, there is an inch or so of cinder fill to provide water drainage 
and a good base for the concrete. 
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APPENDIX Il 


STANDARD ABBREVIATIONS 
USED ON BLUEPRINTS 


CCERSORY 5035565550550 cases ents 2aRREa ze ACCESS 
Acetylene .. ACET 
Accumulate . ACCUM 
Acidproof ... AP 
Addendum 
Adjust 
Advance 
Aerodynamic 
Aeronautical 
ANSTON «ji. 0553 
Airborne POAC aAe 
Air-break switch ..... ; 
Aircraft ... 5 tah 
Aircraft Industries Association ........... AIA 
Air escape ...,........ 

Airtight 

Alarm : 
Alternating current . 
Altimeter 












Altitiide. ci. 6 £25.00 03,04 55304 v3 
Aluminum. aft 
American Institute of Architects. . AIA 
American Society of Aeronautical Engineers ASAE 
American Society of Civil Engineers........ ASCE 
American Society of Engineers and 

Architects . ASEA 
American Society of Mechanical Engineers. . ASME 
American Society for Metals. . ys ... ASM 
American Standards Association........... ASA 
American Steel and Wire Gage ASWG 
American Telephone and Telesrsph Company AT&TCO 
American War Standards . AWS 
American Welding Society ........... } AWS 
American Wire gage ....... ..... AWG 
Ammeter ........... ... AM 
Ammunition .... . AMM 
Amount . AMT 
Ampere .... y < or . AMP 
Amplifier ............. ... AMPL 
Amplitude modulation . ... AM 
Angle stop valve ..... ... ASV 
Annealed ... ¥ ... ANLD 
Annunciator |... .. ANN. 
Anode aieas ; A 
ANOgIER. 65.555 62850-26952 oes bates Fas NAS ANOD 
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PBECONNE 0.0 850s Goa peo sees sey easter ee ANT 


Antifriction bearing ..................... AFB 
Antifriction Bearing Manufacturers 

Association ....... 5341 eek eSeERERES AFBMA 
Antifriction metal ........... - AFM 












































Apartment APT. 
Apparatus 3 Se ... APP 
Appendix: i026 505.42.t0353.0600 ... APPX 
Application .. ... APPL 
Approved APPD 
Approximate . APPROX 
Architecture ... ARCH. 
Arc weld .... . ARC/W 
Area drain .. AD 
Armament ARMT 
Armature ... PSTRRAEC ERE -.. ARM 
Armored ...... vhags ARMD 
Armor piercing .. e.0Ene vise BP 
Armor plate .......... . ARM-PL 
Army-Navy AN. 
Arrangement ... ARRGT 
Arresting (gear or ‘hook) . ARREST. 
Arrestor a ARR 
Asbestos . ASB 
Asphalt .. ASPH 
Asphalt roof ASPHRS 
Asphaletile:! floor ‘ ATF 
Assembly .. aa whe ined ASSY 
Assigne - ASGD 
Assistant ASST 


Association ASSN 
Atmosphere ATM 
Atomic AT 
Atomic hy AT/W 
Attach . ATT 





Audible . AUD 
Audio freq ency AF 
Authorize ... AUTH 
Automatic AUTO 
Automatic door seal ¥ ADS 
Automatic sprinkler. .... ....... AS 


Automatic sprinkler riser 2s 
Automatic stop and check valve 
AMustliary A F066. 7 e343 ey 
Avenue ri 
Average 
Aviation Ries 
Avoirdupois ............ ois 
AWN osc reso Me hes See eevee Se 


Rabbit: 5), 5.2 cork teat eens aaa aang wes 
Back-connected .. cat Bes Joe’ 
Bachkqleed iy civ yest oe snes esse 
Back pressure ..................... 
Back-water valve ....... 


- ASR 
- AUTOS & CV 
Tig AO 
2 visiveees AVE 
an 83 ... AVG 
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Baffle .... 
Baggage 
Balance 
Ballast 
Ball Bearing ..... 
Barbette .. 
Barracks .... Paap 
Barrel. 35 304.45 502 
Barrels per day 
Barrels per hour 
Base line ....... 
Basement 
Base plate 
Batten .... 
Battery (electrical) 
Battle 

Beacon 

Beams. ~ 032.0200 
Beams and stringers 
Bearing 

Bench mark 

Bend allowance 
Berthing 

Between 

Between centers g's 
Between perpendiculars niche eats BE 
Bevel a ; 

Beveled wood siding . 
Bill of lading 

Bill of material 
Billet steel nea . , 
Birmingham wire gage .... Sethtat . BWG 
Blackout door ....... i BOD 
Blackout window ...... ...... BOW 
Black powder * ay picks ite Saveaes BP 
Block eR RE sReSieacat 










Blower . 
Blowoff 
Bla 6555-05 
Blueprint 
Board 
Board foot 
Boiler 
Boiler feed 
Boiler house 
Boiler pressure 
Booster 
Both faces 
Both sides 
Both ways 
Bottle .. 
Bottom 
Boundary 
Bracket P 
BAER Nis ccc tte stoop ayaa 
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Brinell hardness ........... 
Brinell hardness number eo 5 
British standard ......... . BR STD 
pe thermal unit e 

foes ANH Soee ote PERE HE 
Brown and Sharpe (gage) ...... 


Browning aircraft machine (gun) . . BAM 
Browning automatic rifle .......... . BAR. 
Building ..........---..- .. BLDG 
Building line ooh . BL 
Bulkhead . . BHD 
Bull nose BN 
Buoyancy B 
jureau BU 
Bushel BU. 
Bushing BUSH. 
BLS He Pacer cts ae calng ame baleoty steer siy BT 
Button BUT. 
BURR 8 5:04. 4. iio ss FLA NOT DE METAE BUZ 
By (used between dimensions) x 
BYPAGL 5-k oe cc ac op eaeVeeudsTeNNer meee ws BP 
Cebit. 5.5 cceeeien es 
Cable ..... 
Cadmium 
Calcium 
Caliber ..... 
Calked joint 
Calking ..... 
Camouflage 
Canister 
Cantilever . 
Canvas 
Capacitor ons 
Carbon... . 
Carbon steel . 
Carburetor .. ‘ 
MEO sont aha tad cndwhid seabews . CAR. 
Carrier 2.2... . CARR 
Case harden . CH 
asting . CSTG 
Cast iron De . CI 
Cast-iron pipe . CIP 
ft steel . . CST 
Catalogue . CAT. 
fathode shee mcr i eS 
athode ray ........... ak 
Cathode ra tube ... .. KRT 
fart es 6 gba abe cen. 
eiliny 

nt bY PUREE UTSLER LS 22 BUND Se eared CEM 
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Cement base 
Cement floor 
Cement mortar 
Cement plaster az 2 : 2,3 
Cement-plaster ceiling .......... -. CPC 
Center 5 : a 
Center of buoyancy .... 
Center of gravity 
Center of pressure 
















Center line . ...... CLorL 
Center tap 

Center to center ae a cTOoc 
Centigrade ae eee sah meeih 5 Cc 
Centimeter cM 


Centimeter gram second .... 
Centimeters per second ... 








Centrifugal CENT. 
Ceramic eae dca re CER 
Ceramic glazed structural facing units .... CGSFU 
Ceramic glazed units ................. .. CGU 
Ceramic tile ¢ ; tg Shea 53 OT 
Ceramic-tile floor . CTF 
Cesspool 5 Satay 2 .. CP 
Chain Stee PARKS RPA Lees ek .- CH 
Chamber nha 5 5 -. CHAMB 
Chamier : occ eds 555 eet oa ao esieds as .. CHAM 
Change b stgatyts <1 .. CHG 
Channel ees nia 3 .. CHAN 
Ube ntpcesececctsno sek eer -. CHK 
Check valve sazabs .. CV 
Chemical syarkte teen 3 dee .. CHEM 
LORE 5 inst naps g FOS ga alc Hs wren sanGh 
Chromium SMa Bh KE HAO es sr 
Circuit HPad on Be Coa CKT 
Circuit closing ........... CKT CL 
Circular Saye cIR 
Circular pitch .......... ad sone OE 
Circulate D5 eK MAGS Line RS . .. CIRC 
Circulating water pump .. CWP 
Circumference : CIRC 
Classification . .. we .. CLASS. 
Clear Bread whee Ih eck seas -. CLR 
Clearance bere , -. CL 
CLOCK WIRE a on 15 Bi ad was sm Oy Ko.are .. CW 
Closet ..... ire 5 .. CLO 
COBO: . aasainrepisr cep Rtad se ANTES a - CLOS 
Coaming . COAM 
Coated . . CTD 
Coaxial . COAX. 
Cobalt . Co 
Coding ..... .. COD. 
Cofferdam ...... .. COFF 
Cold-rolled steel .. CRS 
Color code ...... -. CC 
(COMMA, S34 heck an bon te a beg. ask gh Pees Eniee coL 
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Combat information center ............... CIC 
































Combination ................... . COMB 
Commercial .... MEA . COML 
Communication ......... . COMM 
Commutator ......... . COMMUT 
Companion .. . COMP 
Company .... 0 
Compartment .. Seems BS . COMPT 
Compensator ............. - COMP 
Complement ..... Sadi . COMP 
Complete .. se . COMPL 
Completely knocked down . CKD 
Complex operator os eeielea’ soon 
Composition : 3 . COMP 
Composition floor . ee be .. COMPF 
Composition roof ........ ee .. COMPR 
Compound ....... Ss nate its ... CMP 
Compress ... ... COMP 
Compressed air COMPA 
Compressor .. COMPR 
Concentric .. eee 45 . CONC 
Concrete ...... yang . CONC 
Concrete block .. . aa ... CONCB 
Concrete ceiling . CONCG 
Concrete floor . CONCF 
Condenser .. . COND 
Conductivit; . COND 
Conduit . Bx, 
Confidentiai CONF 
Connector . CONN 
Constant ... . CONST 
Construction . . . CONSTR 
Construction joint . CJ 
Contact - . CONT 
Container CNTR 
Contaminated ... CONTAM 
Continue . CONT 
Continuous wave WwW 
Continuous window CONT W 
Contract ... : : ines, SES ES CONT 
Contractor iii cw cy 2 8s =p te mane ieee nes CONTR 
Contractor-furnished equipment Sane. GRE 
Conteol «och sue - ves ees - CONT 
Converter gp 

Coolant .. 

Cooled ... 

Copper ... 

Cork base ..... 

Cork board 

Cork floor . 

Corner . ress Sei tg iA es BOTT 
Corner bead... cHhtih. Ralssaiarhs COR BD 
Corrosion-resistant .. “% ..... CRE 
Corrosion-resistant steel _... .... CRES 
Orr Gath + 5.30525 ine peek 260055 WAR AES CORR 
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Counter 
Counterbalance 
Counterbore 
Counterclockwise 
Countersink 
Countersink other side 
Counter weight .. 
Coupling ; ads 
Cowling PARE tert bei 
Crew (as spaces) 

Cross arm 

Cross connection . 
Cross section 

Crystal 

Cubic é 
Cubic centimeter 

Cubic feet per minute . 
Cubic feet per second .. 
CUIVE TE icine oye ci 23,09258 FE 
Current 
Cutout xs 
Cutout valve ... 
Cycle 
Cycles per min: ra 
Cycles per second ....... 
Cylinder a 

















Damage control 
Damper 3 
Dated -.. veesesse. 2 
Datum enere 
Deadweight — Ry view ge 
Decalcomania ..... J 
Decibel 
Decimal 
Deck Ry ony 
Deck drain valve . 
Deck piercing 
Decontamination 
Deflect 
Degree 
De-icing 
Demolition 
Density 
Department ; a 
Depot installed ......... 
Depth charge pas 
Describe ts 
Design 

Designed water line 3 
Detail A 
Detector 

Develop 4 
Developed horsepower 
Diagonal 














Diaphragm 





Diesel oi] ..... . S38 u 
Differential ; DIFF 
Dial ngs. as ares kas epee Parsee psaeewes DIFFUS 
Dilution . . is y --. DIL 
Dimension ............ ws ieee --- DIM 


Pode’ 6-63.09 28 325A GER SRE SEGA OD 
Direct current .. : 


















Direct-current volts . i vpc 
Direction: 5. se. yo. ¢bsays batewee is - DIR 
Direction finder ; 5 DF 
Disassembly - DISASSY 
Discharge - DISCHG 
Disconnect --- DISC 
Dispensary wise ; ee ... DISP 
Distant: 2863 04.06 /e0m etd ob 8esu's nslne DIST 
Distill ....... Lah ahead b 3 .. DSTL 
Distilled water ... Lv DW 
Distributor ............ i oupeses DISTR 
Ditto Palingss ae soa'etaheccn gay uty pe ETS DO 
Division .. . eae 

Door ...... 

Door stop 

Double .... 


Double acting ...... 
Double-acting door .. 
Double end ....... pe haiews 
Double pole both connected . 
Double pole, double throw ... 
Double pole front connected . 
Double pole, single throw ..... 
Double throw ............. 
Double weight . 
Doubler ....... 
Dovetail 


Downspout 
Dozen 
Dram .... 
Drawing .. ee 
DIAWM siden cu cany ce chy: 


Drydock 
Dry pipe valve ‘ s 
Duplicate ...............- 
Dynamic .... oe 
Dyhantotar) « c.542.s600020 heheh te ten é DYN 


Bach). opis sdasas W0Sk MARSSER ELAM CET S 
Each face . ae 
Each layer 
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Eccentric 
Eductor 
Effective .... 
Efficiency 
Ejector 
Elastic limit 
Elbow 

Electric 

Electric horsepower 
Electrolytic 
Electromotive force 
Elevate ....... 
Elevation 
Eliminate 
Elongation 
Emergency . 
Empennage 
Enclosure 
End to end 
Engine . 
Engineering 
Entrance ... 
Envelope .. 
Equal ... aa 
Equal section 
Equation 
Equipment ‘ 4 
Equipment and spare parts ane E & SP 
Equivalent . EQUIV 
Escape ... X 

Estimate . 
Et cetera 
Evaporate 
Excavate 
Exciter 
Exclusive 
Exercise 
Exhaust 
Exhaust vent 
Exhibit 
Existing Saat 
Expansion ............ 
Experimental 
Explosion-proof ... 
Expulsion 
Extension . 
Exterior 
External . 
Extinguish 
Extra 4 
Extra heavy 
Extra strong .. bgt 
Extreme high water ...... 3 
















Extreme low water .. Whar bebidas 
PEXEERE Soles Panna ede vayded dens Ait ete EXTR 
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Fabricate 
Face to face 
Facing 
Fahrenheit 
Pairing 
Farad 

Far side 
Feeder 

Feed water 
Feet board measure 
Feet per minute 
Feet per second 
Field 5 
Figure ... 
Filament 
Fillet. . 
Filling ... 
Filter 
Finish 
Finish all over 
Finish one side 
Finish two sides 
Fire 
Fire and bilge .. 
Fire and flushing . 
Fire clay 
Fire control 
Fire door 
Fire hose . . 
Fire-hydrant 
Fire main 
Fireproof 
Fitting . 
Fixed 
Fixture . 
Flameproof i 
Flange ........ 
Flashing Sh 
Flat-tile roof 
Flexible 
Float 
Flotation 
Floor . 
Floor drain 
Flooring 
Fluid ..... 
Fluorescent . . 
Flush valve 
Foot es 
Footing ... 
Foot-pound ............ 
For example : js tons ‘ 
Rekee S42 cl ay ce tes Sas =e orks 224 Bes F 
Forecastle 5 CSLE 
Forged steel | Vihar sc aca baths atcha Wis asa ST 
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Borping 4. io: 6 iaoe.0p02.50559555 5037008554 FORG 
Fork . $ 


Forward ....... 
Foundation .... 
Foundry ag 
Four-conductor .. 
Four-pole 
Four-way 
Fragmentation 
Frame 
Framework 
Freeboard 
Frequency Paes 
Frequency modulation wick ee dae = FM 
Fresh water Sha 3bt Les FW 
Friction 5 Se5 5563 

From below 
Front 
























Fuel 

Fuel oil 

Furnish 

Fuselage 

Gage or gauge op ale as waxhie aie nate ph2 acim GA 
Gallon Dare .-. GAL 
Gallons per day GPD 
Gallons per hour GPH 
Gallons per minute GPM 
Gallons per second . GPS 
Galvanized - GALV 
Galvanized iron . GI 
Galvanometer . GALV 
Garboard - GARBD 
Gas -G 

Gas ejection . GE 
Gasket . GSKT 
Gasoline - GAS 
Gate valve . GV 
General - GEN 
Generator - GEN 
Girder G 
Glass ....... . GL 
Glass block GLB 
Glazed .. ek GL 
Glazed facing units GFU 
Glazed wallboard . GLWB 
Glazed wall tile a. GWT 
Glazed wall tile base .. GWTB 
Globe stop valve GSV 
Globe valve . ... GLV 
Gold (aurum) ..... . Au 
Government fu . GFE 
Governor GOV 
Granite .. GRAN 
Graphite . GPH 


onn 


Grating 
Gravel . 
Grease trap 
Grid _. 
Grind 
Grommet 
Gross 

Gross ton 
Ground 
Group ... 
Guard 
Gunnery 
Gypsum .. 
Gypsum-pla: 
Gypsum-plaster wall 




















Gyroscope .. GYRO 
Half gross . %GRO 
Half-hard .. H 

Half-round %RD 


Hand control 
Hand generator 


Handhold HH 
Handling HAND. 
Hand rail .... HDR 
Hand wheel HD WHL 
Hanger ... R 

Har 


Hard chromium HD CR 
Hard-drawn ..... D 
Harden HDN 
Hardware . . HDW 
Hardwood - HDWD 
Hatch _H 
OM 9s <. ovavtescecs Sndnee aipipre - HD 
Heat ...... .. HT 
Heater (electronic tubes) . Sapaseediatan ches h 
Heat treat er HT TR 
HOA. cing cee ea scr eR abe seg aaarae tay, HVY 
Height ..... .. HGT 
Helium ... - He 
Hexagon . HEX 
Hee Pur z ne 

ig requency. Ke 
High point ..... 23 HPT 


High potential . 
High pressure .. 
High-pressure steam . 


High speed . : HS 
High-speed steel . HSS 
High tension .... . HT 


High voltage ... 
High-water line . 
Highway ... = 
OG colt casajo- sie toes Ee ES RST SECS aU Ewes HOL 


Hollow metal <> 0g Se05 cuca gseceeces cree HM 


























Hollow metal door and frame . .. HMDF 
Hollow tile ....... ........... xo.ak 
Horizontal ... é HOR 
Horizontal shear HS 
Horsepower .. ds .... HP 
Hose rack ...... nGehih se Ka eee es aaa: . HR 
Hospital .. : HOSP 
Hot rolled steed; tctaius bebibiaikeasa ted HRS 
Hot water ... 2 .. HW 
Hot-water circulating HWC 
Hour - HR 
Housing . HSG 
Hundredw k CWT 
Hydraulic ...... HYD 
Hydroelectric . . HYDROELEC 
Hydrogen .......... H 
Identification . . IDENT 
Ignition .... IGN 
Illuminate .. ILLUM 
Illustration . ILLUS 
Impact ..... .. IMP 
Impregnate .. IMPG 
Inboard INBD 
Incendiary -. INC 
HNOBs Giang a sivga'c 4's splgk wang ang ee diaeeig cote IN. 
Inch-pound ... .... IN. LB 
Inches per seeded! catches seekers ane IPS 
Incinerator ....... see? 
Inclined ... 

Inclosure 

Include 

Tneoning 

Independent 

Indicate ............4., 

Inductance-capacitance . aPay aie oO 
Inductance coil ........ 5.5 Al 
Induction ....... -. IND 
Industrial .. -. IND 
Inflammable ... INFL 
Information .... INFO 
Injection ....... .. INS 
Inside diameter ...... pio? LD 
Inside layer ..... : iL 
Inspection ........... .. INSP 
Installation ............. -. INSTL 
Instantaneous .................. .. INST 
Institute of Aeronautical Sciences . . .. IAS 
Institute of Radio Engineers .. ix .. IRE 
International Pipe Standard B5AR SL MG IPS 
International Standard Thread (Metric) . INT-STD-THD 
Instruction INST 
Instrument . é . INST 
Tnmulate wo. i 56st 07 Bb HS 25545 1 ease Seas INS 
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Intercept siz a - INTCPT 
Interchangeable eth es INTCHG 
Intercommunication INTERCOM 
Interior . INT 
Interior communication - Ic 
Interlock . INTLK 
Intermediate oo - INTER 
Intermediate frequency . IF. 
Intermittent - INTMT 
Internal INT 
Interrupt . : INTER 
Interrupted continuor3 wave . IcW 
Intersection ..... ‘ . INT 
Inverse ............ aainaa sistas .. INV 
Invert .. INV 
tron (Abbreviate only in conjunction “with 

other materials.) cpa gES Mtr aks aa 58 I 
ron (Ferrum) F eS aie . Fe 
tron pipe s:ze IPS 
Irregular . IRREG 
Island Is. 
Isolation ward ... : Od . ISOWD 
Issue ...... 2 . ISS 
Jack .. soe 
Job order JO 
Joggle JOG. 
Joint . JT 
Joint Army-Navy .. . JAN 
Joist ‘ J 
Joists and planks. J&P 
oule ow... J 
Junction ......- ; bidet . JCT 
Tieton. BOR: 5c $5 is eae sade Dads eames JB 
Reel sei vice alta aceas cru aresresieg seme Reee aes K 
Keyseat .... 7 . 3 
Keyway .... 
Kiln-dried . . 
Kilo (103) 
Kiloeyele ... 
Kilogram ....... 
Kilograms per second 
Kilohm 
Kiloliter 


Kilomega (10°) 
Kilomegacycles (10°) 
Kilometer 

Kilometers per second 
Kilovolt . 
Kilovolt-ampere 
Aiovolt-ampere. hour 
Kilowatt 
Kilowatt hour 
Knee brace ...... nae 
knife switch ....... 





Knock down . 
Knockout uty is . z 
BHGE SF St ntoeg ewes aerate dqae toes 
















Laboratory 
Lacquer 
Ladder 
Laminate 
Landing 
Landing gear 
Landmark 
Lateral 
Latitude 
Laundry 
Lavatory 
Lead (plumbum) . 
Leading edge 
Leather 

Left ga Gis 
Left hand .......... 
Lengthy: s2%0.95 30% A2 
Length over-all .. 
Letter "1 
Light hs : 
Lightening: 2).250075 45 20Re0 kets 
Lighting . é aus aid 
Lightning arrester 
Lightproof shade 
Limit ar 
LINGEM scshigseadas <3 ; 
Linoleum ; 
Linoleum floor ..... vite 
Divitall <5: <:ad4'2 Bias Sole 
Liquid s 

Liter . 
Live load 
Load water line 
Locate: .0.655 028 
Locked ...... se 
LOCKER: 2 3 i:9:0.0.9 ve wey caveats weaegs 
Long ap atel x . 
Longitudinal ion PASS TERED 
Longitudinal expansion joint . 
Lookout hax ok Late erGoes 
Loudspeaker ig stag Fs 
Low-water line ; ; 
Lower . CHA AD Tee ae 65 oe 
Lower deck ............ 
Low frequency 

Low point 

Low pressure . 

Low speed 

Low tension . . 

Low voltage 

Lubricate 


254 


Lubricating 03 






















Lumber ..... 

Machine .... 

Machine gun MG 
Machine screw - MS 
Machine steel .. - MS 
Magasine 52sec e. iscc, 005 2240002 939 MAG 
Magazine flooding and sprinkling . MF&S 
MaynaGuse iiss seston ns wanana ced hae .M 
Magnesium ...... 5 Mg 
Magnet - MAG 
Magneto $ MAG 
Magnetomotive force .. MMF 
MAU DOR oo sires Sendee ne io eae .- MB 
Main iG ‘ ater .. MN 
Main feed . MF 
Main landing gear . MLG 
Maintenance MAINT 
Malleable . ...... 2 MALL. 
Malleable iron ....... MI 
Maneuvering ..... MANUV 
Manganese .... Mn 
Manhole - MH 
Manifold . MAN. 
Manual volume control - MVC 
Manufacture . MFR 
Manufacturing . MFG 
Marble - MR 
Marble floor MRF 
Margin ......... ae - MARG 
Marke ris ot wevees - MK 
Masking ....... ‘ 5 .. MASK. 
Masonry Soe Vaaesaeaengs .. MSNRY 
Masonry opening : MO 
Master ey MA 
Mastic - MSTC 
Mastic floor ... - MF 
Mastic joint MJ 
Material 40 5 a .. MATL 
Maxima, 55:5 05c2de054 seaeny 3 -- MAX 
Maximum working pressure .. ae 

Measure ............ 

Mechanical ....... 

Medium 


Medium high frequency 
Medium pressure 
Megacycle ............ 
Megawatt- 4 
Megawatt-hour 

Megohm 

Melting point sashes 
Membrane .............--- 
Membrane waterproofing 
Memorandum ............6-0cseeseeeeeeee 
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Mercury (hydrargyrum) ................. Hg 
Meridian Se aae cea eee < 
Metal 
Metal base ote 
Metal corner bead .. 
Metal-covered door ..... 
Metal door $6 ape 
Metal flashing ...... 
Metal grille Fae 
Metal mold. .......... 
Metal partition 
Metal strip . 
Meter 
Mezzanine 
Micro (10) tea 4 
Micro micro (10-!2) . ESR Artes .. UU or uu 
Microampere © =.55.55.55.05 74 <2 2G .00 25008 .. UA or uA 
Microampere (peak) : Ua or ua 
Microfarad ; UF or uF 


Microhenry 

Microhm oH UMHOS or uMHOS 
Micromicro fara UUF or uuF 
Micromicron rurrtictes Cores 
Micron (.001 millimeter) ema as tae? Uoru 
Microminute iia gla urbe bare UMIN or uMIN 
Microphone 5 MIKE 
Microsecond a Beane . USEC or uSEC 
Microvolt ..... UV or uv 
Microvolt per meter UV/M or uV/M 
Miecrowatt ....00..5.5505 UW or uW 
MIdAG 62). st cccs pevieye .. MID. 

Mile hak uae HOSS Qnert .. MI 
Miles per gallon . 
Miles per hour wees Ra 
Miles per hour per ‘second . : ..... MPHPS 
Military a . 
Milli (10-3) ... 

Milliampere 
Millifarad ... 
Milligram 
Millihenry —.. 
Millilambert . 
Milliliter 
Millimeter ... 
Minimum 
Minute eee 
Miscellaneous 
Mixture 
Model 
Modification 
Modulated continuous wave .. .. MCW 
Modulatorie: Sy isle des Saraes FA Rk DR RSTE MOD 
Molded . resikigs re 
Molding ... 
Mold line 
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Molybdenunt 2. c wea eeey 5 skxoes 2308288; Mo 













Momentary contact ........ -- MC 
Monitor ........-.. .. MON 
Month .. 3 ae -- MO 
Motor . MOT 
Motorboat MB 
Motor generator . MG 
Mounting ........... .. MTG 
Multiple eats eo ; . MULT 
Mulbinolin,s. 5.202% o9a 0G hes ashe oS QR200e . MP 
Nadler) yyy aoe ts wvswresas eiyhe ete v7 NAC 
Namely .. aptattatcialaga es VIZ 
National NATL. 
National Aircraft Standards NAS 
National Aircraft Standards Committee NASC 
National Board of Fire Underwriters NBFU 
National Electrical Code ... NEC 
National Electrical Code Standards NECS 
National Fire Protection Association NFPA 
National Lumber Manufacturers Association NLMA 
National Safety Council 7 NSC 
Natural 

Navigation 

Near face 

Near side 

Negative 

Neon 

Network 

Neutralizing 





New British Standard (imperial wire gage). NBS 
Nickel , Ni 
Nickel steel . 

Nipple ..........0005 
Nitrogen ... 

Noncorrosive metal 
Nontight 

Nonwatertight Caveibenes) 
Normal 4 

Not in contract . 

Not to scale 
Nozzle rae RAS 
Nomnber 5 §0055.54%. 29400 O6 bs . 








Observation 
Observation window 
Obsolete apeeee vhs 
DENG oy i ve ste ons cite oe age Sele 
OME A ao carts yiral these vgieg 2 
Oil cireuit breaker . A 

On center Sade ena 
Open-close-open ........ 
Opening ASH 
Operate 
Opposite 
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Optical 
Ordnance 2 
Orifice ....... 
Original ....... 
Oscillator 

Oscilloscope 
Ounce 

Outboard 
Outlet 4 
Over 5 oss 
Overflow .. 
Overload .. 
Oversize 
Oxygen 


Package ....... 
Painted Sues 
Painted base 
Painted metal 
Paints and oil 
Pair 
Panel ... 
Parallel . 
Partition . 
Passage .. 
Patent 
Pattern 
Penny (nail size) 
Pennyweight 
Pentode 

Per centum ....... 
Perforate . 
Permanent ......... 
Perpendicular 

Phase . . 
Pick-up . 
Piece 
Pint 
Pitch 5 
Pitch circle 
Pitch diameter 
Pitch mark ahaa 
Plank’ 250. 52.05 wide : PLK 
Plan position indicator Pits PPI 
Plaster ¥ : tee PLAS 
Plastic . Forts Fiul cee a Vantaws PLSTC 
Plate (electron tubes) okica tah abe P 
Plate glass .. 

Platform . 

Platinum 

Plumbing 

Plywood fixes 

Point SHARE See to Ow ries 
Polyphase 

Porcelain ..... 
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Port 20 2.035325 
Port and starboard 
Position 
Positive .. 
Potential . 
Pound ... 
Powder 
Power 
Practice 
Precast 
Prefabricated 

Preferred 

Preliminary 

Premolded 

Prepare ............ 
Pressure 

Pressure-proof ; 
Pressure reducing valve 
Primary 

Private automatic exchange 
Private branch exchange 
Production 
Projection 
Proof . 
Propeller 
Proposed . 
Protective 
Provision ... 
Publication . 
Public address 
Pull button ... 
Pull switch .. 
Pulsating current . 
Pulverizer ......... oy 
Push button ............ 
Push-pull 5 . 
Pyrotechnic 


Quality eee 
Quantity ........... 
Quart ......... 
Quarter. ....... 
Quarter-hard ..... 
Quarter-phase ..... 
Quarien ound ea 
Quartz 

Quick- -acting 
Quick-opening device 





Radio: <o.s..ctewe 6a: 
Radio direction finding 
Radio frequency 
Radius . 7s 
PRAUIBEY |ateis ixlgrte'a tae nperompetel apm spe ANI acai RLG 
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Ready service .. 
Rear view 
Reassemble .. 
Received 
Receiver 
Receptacle . 
Reception 
Reciprocating - 
Recognition 
Recommend 
Reconnaissance 
Recorder ...... 
Rectangle .. 
Rectifier 
Reducer 
Reference .. 
Reference line . 
Reflector 
Refrigerate 
Regenerative .. 
Register 
Regular ‘ att 
Regulator ............ 
Reinforce 
Reinforced concrete 
Reinforcing aie! 
Relay 
Release 
Relief 3 
Relief valve ............ 
Remote control system .. 
Removable 
Repair 
Replace .. 
Request ... 
Required .... 
Requisition 
Reserve 
Resistance 
Resistance-capacitance 
Retainer Kale eOGedo 
Retractable .............. 
Return 
Reverse 
Revise 
Revolution exis 4s 
Revolutions per minute 
Revolutions per second 
Rheostat ........ 

Right d ; ty 
Right of way oY Pastas wipe Siok 
Right Nand os 03524053. nassines cede see 
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Rubber insulation . 
Rubber-tile floor 
Rudder ...... 


DAES So, Pas ries-otactetisnAPin awed ens 
Salt water .... ; 
Salvage .... 
Sand blast . 
Sanitary . 
Schedule . ; 
Schematic ......... He Be Wyk ea e2 SCHEM 
Scleroscope hardness Fated SEL 
Screen. ‘ 

Screen door 
Scupper ... os" 
Scuttle ......... 
Second ane 
Section 
Selenium ... 
Self-closing ... . 
Selsyn _....... 

Semifixed 

Separate .... 

Serial 

Series 

Service i Fia'e 

Service fuel oil 

Set screw . 

Settling 

Sewage 

Shaft alley ; 

Shaft horsepower hams 
Shear plate ......... 2 
Sheating ... oy 
Sheet .... 
Shell ... 
Shield 
Shipment , 
Shock absorber ..... 
Shore connection .... 
Short wave 

Shower 

Shower drain ..... 
Shrapnel ..... 
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Shut-off valve ............... eae SOV 
Siding Satcsueates Satna Oat te ses SDG 
Signal é ‘ SIG 
Silicon ‘ Si 
Silver FE SIL 
Silver (argentum) a ran ee Ag 
Silver solder SILS 
Similar . SIM 
Single SGL 
Single conductor 1/C 
Single end SE 
Single feeder SF 
Single phase 1PH 
Single pole Sidaret : SP 
Single throw ........ ttn yikes Pe ST 
Sink afajatetahoighe std SK 
Sketch SK 
Skylight : SLT 
Sliding door i § SLD 
Slotted SLTD 
Slow release SR 
Small WGAPePa Rie lns SM 
Smoke ‘ SMK 
Smooth contour . . sc 


Society for Advancement of Management SAM 
Society of American Military Engineers SAME 
Society of Automotive Engineers SAE 
Society of Naval Architects and Marine 

Engineers . P 
Socket 
Socket head L636 
Sodium (natrium) . 
Solenoid 43 
MOMNG: . vevis oyun 
Space rae 
Spacer .......... 
Spare 
Spark 
Speaker 
Special 
Specification 
Specific gravity 
Specific heat 
Specimen 
Spherical 
Split ring 
Spring 
Sprinkler 
Square 
Stairway 
Stanchion 
Standard 
Starboard 
Station 
Stationary 
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Steg oy. tages esas ede 3 











Stiffener 

Stone ..... 

Storage . 

Store ... 

Stowage ... = oh < 

Straight shank ........ na ne oa eS ss 
Strainer ..... ahes Fl STR 
Strake .. tanee ... STK 
Strength STR 
Stringer STGR 
Structural . STRUCT 
Submerged SUB 
Subsequent SUBQ 
Substitute SUB 
Substructure SUBSTR 
Suction SUCT 
Sulfur .§ 
Superchar, ... SUPCHG 
Superseded .... . SUPSD 
Superstructure SUPERSTR 
Supply ......... vee SUP. 
Support ... Bxoig tapas spe 6 . SUP. 
BUPtSe@: wos secsic eas eeacaa cw ys Ce vee SURF. 
Surfaced or dressed one side ape LS 
Surfaced or dressed two sides .. ec¢s.25 $28 
Surfaced or dressed four sides .. S4S 
Surfaced or dressed one side and one edge. S1S1E 
SURvey Saees Gdurbess une ee ae 

Suspend 





Bee as ceiling 
Swash (used with other words or 














abbreviations) ......................... SW 
Swin: SWG 
WICC oss is acne een ideas eanaerGu pica SW 
Switchboard ...................... SWBD 
Symbol SYM 


aon es eae are ed aE ARR GT 


Synchronous 

Synthetic 

System 

Tarpaulin ..... RTA es TARP 

T-bar (structural shape) er 3 

ROCHE Ay Vinten y ats sh ews tea eieans he .. TECH 

Technical manual ... T™ 

ne Re ROE Ks ne 
elegrap PC 

Telephone athens ; .. TEL 

Telescope ud seen indees Bs TEL 

Teletypewriter Midas TT 

Teletypewriter exchange - nomads -... TWX 

Temperature En 

Tempered .... 


Template 
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Tensile strength ..................020005 TS 
Tension s245 345 e 









Tentative 

Terminal A 

Terra cotta ... 

Theoretical 

Thermocouple 

Thermometer 

Thermostat 

Thick 

Thorium . 

Thousand pounds (structural) KIP 
Thread THD 
Three-conductor 38/C 
Three-phase 38PH 
Three-pole 3P 
Three-way 3-WAY 
Throttle . THROT 
Throgs -¢  as6 3925 e2osagesae es . THRU 
Thrust line . TL 
Tile base ‘ eReEEe5 . TB 
Tile drain ... ed <tctain Fates ste vig ten Se TD 

Tile floor ..... At tanatsty iy sis ccajvivta ott OE 
Timber 5 mab Se go a Dea tens, Favate crete TMBR 
Time ‘ are ; een: 

Time delay VDE PAAGTAA TOASTS . TD 

Tin (stannum) ............ ... Sn 
Titanium ihe + TE 
Toggle . TOG. 
Tolerance . TOL 
Ton gt at ay 7 x ‘ 
Tongue and groove i G 
Toul steel TST 
Top and bottom -T&B 
Total load cya Oe gets seine ae? ola 
Trailing edge ......... ... TE 
Training en Be Rhets ... TNG 
Transceiver  ........ . XCVR 
Transfer ag ... TRANS 
Transformer : ... TRANSF 
Transmission ....... ... XMSN 
Transmit-receiver xstet Le 
Transmitter XMTR 
Transmitting XMTG 
Transportation TRANS 
Transverse TRANSV 
Trestmert . TREAT. 
Triode . 3 aan ate . TRI 
TRUNK: Bases eapey is 3 oa . TR 
Trunnion . ZS aa . TRUN 
LEWES) coche Dobie ete iw ath oe 
Tubing A Ada Meh 5 . TU 
Tungsten (wolfranium) _ Ww 
WURDING (3035255 san eee crs sh - TURB 
Turbine generator (driver) ............... TURBO GEN 
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Turbo-jet_ propulsion 





Turnbuckle 
Turnout . 2 
SDWET Gb 5s 0:45:35) Rvting 3:3 
Twisted e3 
Two-conductor 
Two-phase 
Two-way 
Typical 
Ultimate ¢ 
Ultra-high frequency 4 
Under ... 
Undersize ........... 
Underwater 
Underwriters’ Taboratorics, Inc. ULI 
Unfinished... ; UNFIN 
United States gage ......... 3 USG 
United States standart, 3 USS 
Universal ; q UNI 
Upper , Too Seige was 
Uranium . sleeet. dpa 
Urinal seplatos ee ewas UR 
Used with ; : Raa: sis.c. U/W 
Utility UT 
Vacuum -.... VAC 
Vacuum tube VT 
Valve NV: 
Valve box VB 
Variable VAR 
Ventilate VENT. 
Vent pipe J VP 
Vent stack 7 - : vs 
Vertical VERT 
Very-high frequency .... ‘ ... VHF 
Video frequency Z phate . VF 
Vitreous .... VIT 
Voice tube siete, ans a sexe WE 
Void .... VD 
Volt ohm milliammeter ...... VOM 
Volt ....... Batt x 
Volt ampere . 
Voltammeter 
Voltmeter 
Volume ..... 
Wainscot .............- 
Wall board ... 
Ward room : : 
Washroom s 23.65 i534 istact dole beheseande 
Waste pipe . 

Water ....... 
Water closet 
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Water cooler 
Water cooled ..... 
Water line 
Waterproofing ... 
Watertight .... a 
WAGE ccc ost Ase eek’ eo ds 
Watt-hour ............ 
Wattmeter . ee 
Weatherproof ........ z5 
Weather stripping ........ 
Weather-tight ... : 
WelRht: 4.050 p2otccekusad saanabe siede hades 
Wire (Abbreviate only in conjunction with 
other materials.) ................222005 Ww 
With (Abbreviate only in conjunchion with 
other abbreviations.) Ww/ 
Withdrawn . ws ahs : oe 5 
Without 
Wood door ahs 
Wood door and frame 
Wood panel <8 
Wrought iron ....... 


NORE 345.55 .Foeen pee 
Yield point (psi) 
Yield strength (psi) 








COO)! cases sen ths oeexkaaeratetatedetas Z 

Zine 2.55; 5 3 ag teak 

Zirconium ...... ath ibe Utes ave Zr 
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APPENDIX III 
FRACTIONS AND DECIMAL EQUIVALENTS 








8 16 32 C4 
ths ths nds ths 
1 

1 2 

3 

1 2 4 

5 

3 6 

7 

1 2 4 8 
9 

5 10 

ll 

3 6 12 

13 

7 14 

15 

2 4 8 16 
17 

9 18 

19 

5 10 20 

21 

11 22 

23 

3 6 12 24 
25 

13 26 

27 

7 14 28 

29 

15 30 

31 

4 8 16 32 





625 
875 
125 
75 

375 
625 
25 

875 
125 
375 
625 
875 
125 
75 

375 
625 
25 

875 
125 


75 
375 








8 
ths 


16 
ths 


ll 


12 


13 


14 


15 


32 


nds 


17 


18 


19 


21 


23 


24 


26 


27 


28 


8 


31 


ge 





Decimal 


0. 515 
- 531 


- 625 


625 
875 
125 
75 

375 
625 
25 

875 
125 
375 
625 
875 
125 
75 

375 
625 
25 

875 
125 


75 
375 
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INDEX 


Abbreviations, standard, used on 
blueprints, 240-266 
Accordion folds, making, 7 
Accumulative dimensions, 48 
Addendum, 40 
Aeronautical, Army-Navy, 61 
Aeronautical piping symbols, 154— 
160 
hose line designations, 154-157 
hydraulic, 157-159 
oxygen, 159-160 
hydraulic equipment, 160 
tube designations, 154-157 
hydraulic, 157-159 
oxygen, 159-160 
Alined section, 33 
Alternate position lines, 24 
Aluminum construction, symbols 
used involving, 212-215 
Ammonia prints, 2 
Angular perspective sketch, 78 
Are weld symbols, 162 
Architectural symbols, 197 
Architectural working drawings, 
196-197 
Army-Navy Aeronautical Speci- 
fications, 61 
Auxiliary projection, 17-18 
principle of, 18 
Auxiliary view arrangement, 17 
illus., 17 


Baseline dimensions, 48-50 
Basic hole allowance system, 46- 
48 
Bead weld symbols, 174-176 
Bend allowance, 81-96 
formula, 86 
table, 83 
Bend lines, 27, 81, 89, 101 


Bend radius, 81 
illus., 82 
Bend radius allowance, 84 
Bend relief holes, 101-102 
Bend tangent line, 87 
Bending machines, 96 
Bill of material, assembly draw- 
ing, 59 
Black-and-white prints, 2 
Block 
revision, 52-53 
title, 52 
Blueprint(s) 
abbreviations used on, 240-266 
handling, 4 
identification on, 5, 7-8 
instructions for folding, 4-8 
making, 1-2 
roll-size, folding, 7 
types of, 2-4 
use of, 1 
visualizing a, illus., 15 
Blueprint colors, 2 
Blueprints, electrical and elec- 
tronic, 106-127 
designations, 107-114 
system (1954), new, 113-114 
usage (1949), present, 107- 
113 
equipment, power and lighting, 
114-121 
introduction to, 106 
schematics, 126 
symbols of, 107 
types of, 106-107 
wiring, 122 
connections, 127 
drawings, 122-124 
elementary, 122 
isometric, 122-124 
plans, 126 
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Bolt, illus., 38 
Bolts on drawings, 39 
Break lines 

long, 26-27 

short, 27 
Breaks 

conventional, 33-34 

in solid shapes, 33-34 

Broken-out section, 32 
Bureau Interim Specifications, 60 


Cable(s) 
color coding on, 110 
special equipment systems, des- 
ignations for, 121 


Cable designations, power and 
lighting, 118-120 
Cable identification, require- 


ments for, 115 

Cable markings, ship, 110 

Cable service designations, table 
of, 116 

Cable tags, 110 

Cap screw, illus., 38 

Centerline dimension, 50 

Centerlines, 24 

Circles, sketching of, 76-77 

Circuit breakers, name plates on, 
109 

Circuits 
classification of, 110-113 
identification for importance of, 

112 
identified by colored cable tags, 
112 

Circular pitch, 40 

Class of fit, 45 

Class of thread, 36 

Clearance, 40, 45-46 
tllus., 45 

Coding, tag color, 121 

Color coding on cables, 110 

Colors, blueprint, 2 

Concrete construction, symbols 
on drawings involving, 209-212 

Conductor identification, require- 
ments for, 115 
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Cone, orthographic drawing of, 19 
Continuous dimensions, 48 
Contour symbols, use of, 174 
Crest, definition, 37 
Crosshatching, 30 
Cross-section paper, 70 
sketching on, 70 
Curve allowance, 81-96 
Curved surfaces in orthographic 
drawings, 18-19 
Cutting plane line, 27 


Dash numbers, 53 


Decimal and fraction equivalents, 
267 
Dedendum, 40 
Depth of a thread, definition, 37 
Detail blueprint, 2, 4 
Diametral pitch, 40 
Dimension(s) 
accumulative, 48 
baseline, 48-50 
blueprint, 43-51 
allowance, 45 
baseline, 48 
basic, 43 
centerline, 50 
continuous, 48 
floating, 50 
limits, 44, 51 
tolerance, 44 
centerline, 50 
continuous, 48 
floating, 50 
Dimension line, 24 
Door symbols, 199-202 
Drawing numbers, 53 
Drawings 
Design Standard, 61 
list of, for structural, 198 
revised, identification by num- 
bers of, 61 
Standard, 61 
ways of duplicating, 2 
Driving fit, 46 


Ductwork for ventilation piping 
symbols, 151-152 
closures, 151 
equipment, 152 
exhaust systems, 151 
recirculating systems, 151 
supply systems, 152 


Eductor, piping symbols for, 150 

Electric power cables 
classification of, 110-113 
importance of, 112 
service, 111 
source of, 112-113 

Electrical and electronic blue- 
prints, symbols and reference 
designations for, 107 

Electrical blueprints, basic types, 
106-107 

Electrical circuit symbols, 133 

Electrical distribution system, 
blueprint of, 114 

Electrical equipment, numbering 
for power and lighting, 114-121 

Electrical markings, systems of, 
114-121 

Electrical units, numbering of, 
108-109 

Electronic blueprints, basic types, 
106-107 

Erasures, making on sketches, 70 

Exploded views 
illus., 11 
photo, 9, 11 

Extension lines, 26 


Face width, 40 

Federal Specifications, 61 

Feeders, 112-113 

Filing blueprints, 4 

Fillet welds, 167-170 

Final assembly blueprint, 3, 4 

Finish marks, 58-59 

Finishes, machined, 58 

Flash and upset weld symbols, 
189-190 

Flat layout bending method, 93 
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Floating dimension, 50 


.Floor plan, 196 


Flow diagrams, symbols on, 129 

Folding blueprints, instructions 
for, 4-8 

Folding board, 6 
use of, 5 

Forced fit, 46 

Forming terms, technical, 87, 89 

Fractions and decimal equiva- 
lents, 267 


Gas weld symbols, 162 
Gas welding symbols on machin- 
ery drawing, 194 
Gear nomenclature, 39-40 
addendum, 40 
circular pitch, 40 
clearance, 40 
dedendum, 40 
diametral pitch, 40 
face width, 40 
illus., 39 
pitch circle, 40 
whole depth of tooth, 40 
working depth, 40 
Gears on mechanical drawings, 39 
Generator cables, designations 
for, 116 
Groove welds, 171-174 
flush-contour, 173-174 


Half section, 30-31 

Heat treatment specifications, 58 

Heavy lines, 27 

Hidden lines, 24 

Holes, making in template work, 
102 

Horizontal lines, drawing, 73 

Hose line symbols, 159-160 

Hydraulic equipment symbols, 
160 


Index of Navy Department Speci- 
fications 
amendments to, 61 
revisions to, 61 
Inside section views, 27 


Integrator, mechanical schematic 
of, 133 

Interference, 45-46 
illus., 45 

Internal threads, 37 
illus., 37 

Isometric lines, 12 
illus., 12 

Isometric paper, ruled, 71 

Isometric sketches, 71 

Isometric view, illus., 12 


Isometric wiring diagram for 
turret, 123 

Isometric wiring drawing, 122-124 
illus., 123 


Isometrics, 10, 12-13 


Joint, Army and Navy Specifica- 
tions, 60-61 


Labeling, piping lines on drawings, 
139-144 

Lead, definition, 36 

Leaders, 26 

Left-hand threads on blueprints, 35 

Light lines, 27 


Limits 
angle, 44 
cost of, 51 


Line characteristics, illus., 28 
Lines, 23-30 
alternate position, 24 
bend, 27 
break, long, 26 
break, short, 27 
centerlines, 24 
characteristics, 27-28 
circles or arcs, 74 
cutting plane, 27 
dimension, 24 
hidden, 24 
horizontal, 74 
outline, 23-24 
section, 28 
sketching of, 73 
slanting, 74 
use of, illus., 25 


Lines—Continued 
vertical, 74 
weight of, 72 


Machined finishes, 58 

Magnifying glass, use of in mak- 
ing templates, 100 

Major diameter, definition, 37 

Material specifications, 58 

Material symbols, 221-224 
exterior, 225 

Material symbols for section 
views, 34 

Mechanical perspectives, 10 

Mechanical schematic diagrams, 

131-133 

purpose of, 131 

Mechanical symbols, 129-160 

Mechanical symbols for general 
use, 136 

Medium lines, 27 

Minimum radii chart, 83 

Minor diameter, definition, 37 

Minus tolerance, 47 

Mold line, 87 


Name plate markings for distribu- 
tion panels, illus., 108 
Negative clearance, 46 
Neutral axis, 86 
Neutral zone, 86 
Numbering electrical equipment, 
114-121 
Numbers, 53-54 
assigning to electrical 
108-109 
dash, 53-54 
drawing, 53 
Navy Department Specifica- 
tion, 60 
reference, 53 
station, 54 
zone, 54 


units, 


Oblique sketches, making, 71 
Offset section, 30 

One-point perspective sketch, 78 
Orthographic assembly sketch, 68 
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Orthographic detail sketch, 69 
Orthographic drawing(s), 13 
curves in, 19 
front view, 14 
of solid cone, 19 
Orthographic views, 13, 15-16 
illus., 15 
of a solid cone, 19 
Orthographics, 13-17 
Outline lines, 23-24 
Outside threads, illus., 35 
Oxygen tube symbols, 159-160 
Ozalid, 2 


Perspective assembly sketch, 67 
Perspective detail sketch, 67 
Perspective views, 10, 12 
of sheet metal cone, 20 
Phase and polarity markings, 110 
Phase identification, 110 
Phase markings, circuit, 121 
Photographic blueprints, 9 
Photostats, 2 
Piping lines 
intersections and 
symbols for, 138 
labeling on drawings, 139-144 
Piping symbols, 129-153 
aeronautical, 154-160 
common, 144-148 
bend, 146 
elbows, 144 
expansion joints, 146 
joints, 144 
pumps, 148 
sleeve, 146 
tees, 145 
valve joints, 148 
valves, 146-148 
ductwork for ventilation, 151- 
152 
intersections and crossovers, 138 
labeling on drawings, 139-144 
strainers, traps, and drains, 
149-150 
tanks, sea chests, and eductor, 
150 


crossovers, 
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Piping systems. symbols for des- 
ignation of relative importance, 
133-134, 138 

Pitch, definition, 36 

Pitch circle, 40 

Pitch diameter, 40 
definition, 37 

Plus tolerance, 47 

Positive clearance, 46 

Power and lighting cable desig- 
nations, 118-120 

Power and lighting equipment, 

requirements for numbering, 
114-121 

cable identification, 115-116 

conductor identification, 115- 
116 

generator cables, 116 

phase markings, 121 

tag color coding, 121 

Power and lighting system, typical 
designation of, 121 

Power cable marking, illus., 111 

Power symbols, 153-154 

Projection welds, 187-188 

Punch, transfer, use of, 101 

Push fit, 46 


Radius, 87 
Rangekeeper, illus., 132 
Rectifiers, designation system for, 
115 
Reference numbers, 53 
Relief holes 
bend, 101-102 
calculating diameter of, 102 
types of, 102 
illus., 102 
Revision block, 52-53 
Revolved section, 32 
Right-hand threads on blueprints, 
35 
Rivet list, 198 
Riveting, symbols, 216-217 
Root of a thread, definition, 37 
Running fit, 45 


Scale(s) 
architect’s, 55 
drawing, 54-55 
engineer’s, 55 
graphical, 55 
Schematic diagrams, 124 
mechanical, 131-133 
tllus., 132 
Schematics, methods of wires 
crossing in, 127 
Sea chests, piping symbols for, 150 
Seam weld symbols, 185-186 
Section lines, 28 
Sectional views, 27 
alined, 33 
broken-out, 32 
half, 30 
offset, 30 
revolved, 32 
Sectioning conventions, 
fied, 35 
Sections, 30-40 
Setback, 89 
Setback formula, 89 
Setback table, 88 
Shrinkage fit, 46 
Simplified sectioning conventions, 
34 
Site plan, 196 
Sketching 
perspective, rules for, 77-79 
technical, 66-79 
lines, 72-77 
characteristics and conven- 
tions, 72 
perspective, 77-79 
tools, 70-71 
Sketching tools, technical, 70-71 
Slanting lines, drawing, 74 
Slot weld symbols, 180-181 
Specifications 
Aeronautical, 61 
Army-Navy, 61 
Bureau Interim, 60 
Federal, 61 
information on Navy, 59-64 
Joint Army and Navy, 60-61 


simpli- 


Specifications, Index of Navy De- 
partment, 59 
Spot weld symbols, 182-184 
Station numbers, 54 
typical aircraft, 56-57 
Steel, structural, symbols on draw- 
ings involving, 212-215 
Steel layout template, 101 
Strainers, piping symbols for, 
149-150 
Structural drawings, elements of, 
197-198 
Stud, illus., 38 
Studs on drawings, 39 
Subassembly blueprint, 2, 4 
Switch marking, 109 
Switchboards, designation system 
for, 114-115 
Symbols 
aluminum construction, 212— 
215 
architectural, 197 
concrete structures, 209-212 
door, 199-202 
material, 34, 221-225 
exterior, 225 
mechanical and piping, 129-160 
miscellaneous, 205-206 
piping, 135-153 
riveting, 216-217 
shape, 33-34 
standard for blueprints, 107 
timber construction, 218 
welding 162-226; See also Weld- 
ing symbols 
window, 203-204 


Tabs, purpose of on template, 102 
Tag color coding for circuits, 121 
Tanks, piping symbols for, 150 
Template(s) 

illus., 100 

measurement on, 99 

procedure for making, 99-100 

tabs on, 102-103 

transferring hole locations from, 

101 
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Template(s)—Continued 
use of, 99-104 
Template with flanges, laying out, 
104 
Template with large tab, illus., 
103 
Template with two tabs, tllus., 103 
Thread factors, 36-39 
Threaded assembly, illus., 38 
Threads 
classification of, 36 
drawing, 34-36 
outside, 34-35 
internal, 37-38 
left-hand, 35 
right-hand, 35 
terms used in connection with, 
36-39 
Threads in assembly views, 38 
Timber connectors, symbols on 
drawings involving, 218-219 
Timber construction, symbols on 
drawings involving, 218 
Timbers for special grading, sym- 
bols for identification of, 220 
Title blocks 
revision, 52-53 
Tolerance, 44 
plus, 47 
Tracing, making prints from, 2 
Transfer punch, operation of, 101 
Transformers, designation system 
for, 115 
Traps, piping symbols for, 149- 
150 
Turret, isometric wiring diagram 
for, 123 
Two-point perspective sketch, 78 


Unit subassembly blueprint, 2, 4 
Usage block, illus., 64 

Van Dykes, 2 

Vanishing point on sketch, 78-79 
Vertical lines, drawing, 73-74 


Voltage designations, table of, 117 


Weld symbol, 162 
Welding symbol(s) 
bend, 174-176 
fillet, 167-168 
flash, 189-190 
groove, 171-174 
intermittent and continuous 
combined, 168-170 
location of elements on, illus., 
164 
plug, 176-179 
projection, 187-188 
reading, 163 
seam, 185-186 
slot, 180-181 
spot, 182-184 
upset, 189-190 
Welds 
bead, 174-176 
fillet, 167-170 
flash and upset, 189-190 
groove, 171-174 
intermittent and continuous, 
168-170 
plug, 176-179 
projection, 187-188 
seam, 185-186 
slot, 180-181 
spot, 182-184 
Window symbols, 203-204 
Wiring connections, indicating on 
diagrams, 124 
Wiring drawings 
elementary, 122 
isometric, 122-124 
powerboat engine, 125 
turret, 123 
Wiring plans 
shipboard, blueprints used for, 
107 
types, 124 


Zone numbers, 54 
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